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ABSTRACT

This report gives lighting criteria and lighting-system
design methods for illuminating small-shelter interiors
effectively. It summarizes the amounts of light (quantity)
currently recommended for representative visual tasks, as
well as the practices for controlling light (quality).

Then, to show how these lighting-design methods are
actually applied, it describes a lighting system designed for
the proposed control cab of a mobile low-power nuclear
power plant. This lighting system was evaluated by making
a lighting survey in a control-cab mock-up. The results
showed the system satisfied the lighting criteria established
for the shelter.
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LIGHTING SMALL-SHELTER INTERIORS:

CRITERIA AND AN EXAMPLE

PART I: LIGHTING CRITERIA AND DESIGN METHODS

INTRODUCTION

More and more small shelters -- and more kinds of small shelters -- are
appearing in military systems, as well as commercial and private applications.
These shelters generally house equipment -- electrical and pneumatic test equipment
for missile systems, control equipment for small nuclear power plants and missile
systems, communication equipment, etc.

Yet these small shelters do not always provide adequate lighting for operators
and maintenance personnel to use their equipment effectively. This report examines
factors to consider and gives procedures for designing adequate lighting systems for
small shelters. As an example, Part U shows how these design methods were used
in evaluating lighting for a proposed shelter containing the control equipment for a
U. S. Army Mobile Nuclear Power Plant. However, while these methods have
general applicability, this report obviously cannot solve all possible lighting problems
in every small shelter.

1
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LmTABLE I

Levels of Illumination Currently Recommended for Specific Visual Tasks

Work Area or Task Footcandles on Task2 I

Assembly and Repair

Rough easy seeing (installing chassis in rack) 30
Rough difficult seeing (component replacement) 50
Medium (soldering wires to a connector) 100
Fine (electronic micromodules) 500

Bench Work

Rough easy seeing 30
Rough difficult seeing so
Medium 100
Fine 500

Control Rooms so

e Console Surfaces and/or Panels 50

Dials, Gages, Meters and Scalesb (on face) 50

SEquipment Racks and Panels 30

Emergency Lightingc 3

* Inspection

Ordinary 50
Difficult 100
Very difficult 500

Office Work

Cartography and detailed drafting. 200
Accounting, auditing, tabulating, bookkeeping, business machine

operation, reading poor reproductions and rough layout drafting. 150
Regular office work - - reading good reproductions, reading or

transcribing handwriting in hard pencil or on poor paper,
active filing, etc. 100

Reading or transcribing handwriting in ink or medium pencil on
good quality paper and intermittent filing. 70

Reading high -contrast or well-printed material, tasks and areas not
involving critical or prolonged seeing, such as conferring and interviewing. 30

Testing

General 50
Electrical equipment or equivalent 100

Radar Displays (plan position indicator) 0. Id

Switch Boards 50

Information Boards 50

Teletype Machines 150
a Minimum on task at any time.

b A steel scale with 1/64-inch divisions requires 180 footcandles of light for easy reading.

c Level measured 30 inches above floor.
d Maximum on task at any time for cathode-ray tube using P7 phosphor (3).
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LIGHTING CRITERIA

Quantity of Light

Before designing a lighting system, the designer must know how much light
(illumination level in footcandles) specific visual tasks require. The more severe
the visual task is, the more illumination it requires. For example, a dimly lighted
hallway provides enough light to place a key in a keyhole but not enough to thread a
needle.

Current illumination levels recommended for specific visual tasks are found in
various publications (Ref. 3, pp 35 to 40; Ref. 5, p 103; Ref. 8, pp 9-49 to 9-63).
Table 1, based on these recommended illumination levels, shows the minimum
illumination levels required for most of che specific visual tasks encountered in
small shelters. A small shelter may be defined as one whose three dimensions
produce a room ratio of 2.24 or less (explained in greater detail in the section on
Lighting-System Design). Regardless of the shelter's size, specific visual tasks
determine the illumination levels required. The recommended quantity of light
should be provided at the point and in the horizontal, vertical, or intermediate plane
where the visual task is performed.

In several applications the visual tasks will vary from those requiring high
illumination levels (100 footcandles or more) to those requiring low illumination
levels (30 footcandles or less). To satisfy a wide range of illumination levels
required for visual tasks in a single application, the lighting system should have a
dimming capability (discussed further in the Lighting-System Design section).
"Various illumination levels are required, for example, in a shelter where radar
operators monitor cathode-ray -tube displays and perform maintenance on the equip -
ment. Maintenance will require more light than monitoring the displays. However,
if cost or other factors make such a design impossible, the lighting system should
provide a constant illumination level that best accommodates the most critical
visual tasks - - such as monitoring displays in a radar van - - or the tasks performed
most frequently, if no task is especially critical. Sometimes visual tasks are
performed at various workplane heights within the shelter. In these complex cases
where a single lighting system cannot provide adequate illumination over the total
work area, there should be additional lights to supplement the general room lighting.
A variety of lighting components can be used for supplementary lighting: spots,
dial lamps, fluorescent panels, and trans-illuminated scales, controls and indicators.
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TABLE 2

Recommended Surface Reflectances for Interior Surfaces

Surface Percent Surface Reflectancea

Ceilings 80-90

Walls 40-60

Floors Not less than 20

Work surfaces, desk and bench
tops, machines, equipment panels
and racks 25-45

a Percent of surface reflectance is the ratio of reflected light (foot-Lamberts) to

the incident light (footcandles) falling on the surface, i.e., percent reflectance
foot- Lamberts (100)
footcandles

4



Quality of ight

Users must have a certain minimum amount of light to perform visual tasks
at all. But given this minimum intensity, the most Important factor is quality of
illumination. Variables such as glare, contrast or luminance ratio, color,
distribution, and diffusion all affect the visual environment compatibility with
efficient visual performance.

Glare

Glare is relatively bright light shining into an observer's eyes from a
relatively dim visual field he is attempling to observe. His eyes adjust to the
brighter light, thus reducing the field's visibility; and the stress of trying to see
the field despite the brighter glare makes visual performance uncomfortable and
inefficient. Glare may be either direct or reflected.

Direct Glare

An artificial or natural light source within the visual task field produces
direct glare. There are several ways to control direct glare:

a. Removing light sources from a cone 60 degrees above and
below and to the right and left of the normal line of sight.*

b. Selecting luminaires which meet recommended average
luminances and average -to-maximum luminance ratios.

c. Brightening the area around the glare source.

d. Using several less-intense light sources, rather than a few
intense ones.

Well-designed lighting fixtures can do much to reduce direct glare.

Direct glare should not be a problem with fluorescent lighting systems
giving up to 100 footcandles of average illumination provided that (a) the surface
reflectances comply with Table 2, and (b) the luminaires meet recommended criteria
(Appendix A, pp 11-2 to 11-5) for crosswise and endwise average luminance distri-
butions as well as average -to -maximum luminance ratios. Incandescent luminaires,
which generally have about one -fourth the area of a fluorescent luminaire, may have
twice the average luminance values the criteria recommend for fluorescent luminaires.

* Orientation of normal line of sight is from the eye to the visual task area.
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TABLE 3

Recommended Maximum Luminance Ratios for Shelter Interiors

Environmental Classificationa
A B C Condition

1:3 1:3 1:5 Between tasks and adjacent lighter
surroundings.

3:1 3:1 5:1 Between tasks and adjacent darker
surroundings.

10:1 20:1 NPb Between tasks and more remote darker
surfaces.

1:10 1:20 NP Between tasks and more remote lighter
surfaces.

20:1 NP NP Between luminaires and surfaces
adjacent to them.

40:1 NP NP Between the immediate work area and
the remainder of the environment.

a A -- Interior areas where reflectances of entire space can be controlled.

B -- Areas where reflectances of immediate work area can be controlled
bit control of remote surroundings is limited.

C -- Areas where it is completely impractical to control reflectances and
difficult to alter environmental conditions.

b Luminance ratio control not practical.

6
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Somtimers it is impossible to avoid sources of direct glare vAthin the
60-degree cone. Such sources can be tolerated, however, if they are not more than
five times as bright as the surrounding area (Table 3 and Luminance Ratio section).
If supplementary lighting sources produce direct glare, a low-luminance diffuser,
hood or visor can prevent direct rays of light from entering the eye.

Reflected Glare

Reflected glare is a reflection of a light source within the visual field.
For example, a console operator may see the image of a light source reflected from
the protective glass of a meter. Reflected glare is controlled by:

a. Diffusing reflected light with matte (non-glossy) finishes on the
visual task area and its surroundings. I

b. Using materials and colors which increase the luminance of the
field surrounding the glare source.

c. Locating work surfaces with respect to the light sources so that
unwanted light is reflected away from the observer's eyes (existing surfaces may be
checked by moving a mirror along the surfaces).

d. Changing the character of a surface to eliminate a specular
(mirror-like) reflection and the resulting reflected glare.

e. Using low-luminance luminaires.

If it is not possible to observe these recommendations, the reflected luminance of
the light-source image should not exceed 350 foot-Lamberts.

,uminance Ratio

Luminance ratio is the luminance of surroundings relative to the visual task
area or other specified surfaces. To allow the eyes to function comfortably and
efficiently, luminance ratios should be kept within the limits given in Table 3
(Ref. 5, p 103). These recommended limits will be met if the surface reflectances
comply with Table 2 and recommendations for controlling glare have been observed.
If ambient illumination must be dimmed, any legend lights and illuminated displays
on the equipment should also be dimmable to keep luminance differences between the
lights, displays, and adjacent surfaces within the recommended luminance ratios in
Table 3.

7



TABLE 4

Recommended Paint Colors for Interior Surfaces

Federal Standard No. 595

Surface Color Numbera Color

4Ceiling 27875b White

Walls 24410, 24533, 34410 Green

Floor 36118, 26231, 36231 Gray
i

Equipment Racks, Cabinets,
and Console Exteriors 24410 Green

Equipment Panels and

Console Panels 26492, 26373, 36492, 26307 Gray

Handles and Lettering 37038 Black

Aa Color numbers 24533, 34410, 26231, 36231, 26373, 36492, and 26307 do not

comply with AR 746-5; however, they are satisfactory for commercial equipment.
b Recommended for applications where visual tasks require 50 footcandles or more

of ambient illumination; otherwise, 24410 may be used.

8
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Color

The colors used on interior surfaces will establish surface reflectances and
luminance ratios; therefore, it is important to use those colors which provide
surface reflectances and luminance ratios within the limits stated in Tables 2 and 3.
Colors which satisfy the criteria of Tables 2 and 3 are listed in Table 4.

Paragraph 46e of AR 746-5 (2) states that commercial items originally procured
in non-standard colors will be maintained in those colors. But when they must be
painted, standard colors will be used. The colors given above are examples; many
other available colors also satisfy the criteria in Table 2.

Distribution and Diffusion

Proper light distribution and diffusion will aid in minimizing shadows in the
visual environment. Distribution of light (uniformity.) is considered satisfactory
if the maximum and minimum values of illumination in the room are within 17 percent
of the average illumination level* (Ref. 8, p 9-16). For example, the horizontal
footcandles measured at a point in front of an equipment rack may be 42 footcandles,
and the horizontal footcandles measured on a console desk may be 58 footcandles.
If the average illumination is 50 footcandles, the uniformity is satisfactory. To get
satisfactory distribution, luminaires must be mounted within their recommended
spacing-to-mounting height ratios - - generally, it is desirable to space them closer
together than these limits - - and supplementary luminaires should be provided for
visual task areas which are shaded from the ambient lighting system. Shadows are
reduced if the light is diffused and comes from several directions. Properly dis -
tributed and diffused light will help to reduce luminance ratios.

* Measurements must be taken on the same workplane.

9



TABLE 5

Comparison of Fluorescent and Incandescent Lighting Sources

in Identical Installations Providing Equal Footcandles

Design Factors Fluorescent Incandescent

Initial cost (installation) Higher Lower

Operating cost Lower Higher

Efficacy More lumens per watt Less lumens per watt
30-80 lumens/watt 10-23 lumens/watt

Distribution and

diffusion of light
per luminaire Better Poorer

Power required Less More

Lamp life Longer (7-18 times Shorter (approximately
life of incandescent) 1000 hours per lamp)

Generates radio -frequency

interference Yes No (essentially nonexistent)

Radiant heat generated Less More

Environmental stress Lower reliability in Withstands more environ-

extreme temperature mental stress (temperature
and/or vibration, extremes, vibration, shock)

Less light output
outside optimum
temperature range
(40-110& F.)

Recommended use General lighting General lighting where

where space is extremes of environment
relatively ample and are encountered and where
environment is space is limited.
controlled.
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LIGHTING-SYSTEM DESIGN

The first steps in designing a lighting system are identifying the visual tasks
that must be done and determining the amount of light these tasks require. Table I
shows the minimum values required for tasks done in most shelter interiors. If
illumination requirements vary greatly, it is usually most practical to select an
average illumination level that will be reasonably uniform throughout the shelter;
this average illumination level should usually be chosen by compromising what is
required for the tasks that require the most light and the tasks that are performed
most frequently. The lighting-system design is then detailed from the procedures
below.

Selecting Lighting Sources

The preferred light sources for interior lighting are incandescent and
fluorescent. The choice depends largely on economic and environmental factors
(Table 5).

Performing Lighting Calculations

Interior Illumination Level

The Lumen Method of calculation is used most frequently to find how
many lamps or luminaires are required for a given illumination level (i.e., the
average of all points on an interior workplane). The Lumen Method is based on
the footcandle, defined as one lumen per square foot; that is,

Footcandles = lumens (1)
area in square feet

But not all of the lumens the lamp(s) generate can reach the workplane,
because of losses in the luminaire and at the interior surfaces, so the lamp lumens
must be multiplied by a coefficient of utilization (CU); that is,

lumens reaching specified work
surface, both directly from lumi-

Coefficient of Utilization = naire and by interreflection (2)
lumens generated by the lamps

Equation (1) then becomes:

Footcandles = lam, lumens x CU (3)
area in square feet

1i ..



While equation (3) gives the initial illumination level for a new installation,

average illumination level. Thus other factors must also be considered, to account
for progressively degraded lamp c-put and light losses from dirt that collects on the
luminaire surfaces. Equation (3) becomes:

Maintained Footcandles = lamp lumens x CU x LLD x LDD (4)
area in square feet

where:

CU = Coefficient of utilization

LLD = Lamp lumen depreciation factor

LDD = Luminaire dirt depreciation factor

Because a luminaire consists of lamps, supporting structure and diffuser,
equation (4) may be written in more useful forms:

Lamp Lumens = maintained footcandles x area in square feet (5)
CUx LLDx LDD

or

Luminaires = maintained footcandles x area in square feet (6)
lamps per luminaire x lumens per lamp

x CU x LLD x LDD

Calculating the Coefficient of Utilization

The actual CU will depend on the specific luminaire that is selected;*
however, the CU can be estimated from data in Appendix A, Figures 9-3 to 9-5.
The first step is calculating cavity ratios for the ceiling cavity, room cavity, and
floor cavity by using this formula:

Cavity Ratio = 5h (room length + room width) (7)
room length x room width

* For each commercially available luminaire, specific photometric data are supplied

for olbaining the CU.

12



,vhere:

h = hRC for the room cavity ratio

= hCC for the ceiling cavity ratio

= hFC for the floor cavity ratio

The values for hRC, hCC, and hFC are the vertical heights from luminaire
plane to workplane, luminaire plane to ceiling, and workplane to floor, respectively.
The floor and ceiling cavity ratios are also equal to:

FCR = RCR hFC and CCR = RCR hCC
hRC hRC

The second step is determining the effective Ceiling (fPCC) and Floor (WFC) cavity
reflectances (Appendix A, Fig. 9-3). Except when estimating initial illumination, use
expected maintained ceiling, floor, and wall reflectances to determine the effective
cavity reflectances. Since most small shelters have ceiling-mounted luminaires, the
Ceiling Cavity Ratio is zero, and the ceiling reflectance may be used as the effective
Ceiling Cavity reflectance.

The last step uses the values from steps 1 and 2 with Appendix A,
Figure 9-4, to get the approximate CU. Interpolation is usually necessary to find the
CU for the exact Room Cavity Ratio. Figure 9-4 in Appendix A gives coefficients of
utilization for various representative types of luminaires; therefore, it is essential
to use the coefficient for the luminaire most like the one that will actually be used in
the shelter. After a specific luminaire has been selected, the photometric data
accompanying it will give the actual CU, which is then substituted into equation (5) to
find how many lamp lumens are required. Because the Zonal Cavity Method for calcu-
lating the CU is relatively new, photometric data for luminaires may provide the CU
in terms of Room Index, which has been in use for some time, rather than in terms
of RCR. Room Index is calculated from Table 6 and the equation:

Room Ratio = width x length (8)
mounting height
of luminaire x (width + length)
above workplane

The coefficients of utilization assume empty interiors; therefore if the
shelter's interior configuration makes it smaller or irregular, these reductions in
room volume and workplane must be considered in calculating cavity ratios. For
purposes of calculating cavity ratios, items such as equipment racks, work benches,
and storage cabinets do not effectively reduce the room dlmcrions.

13



TABLE 6

Room Ratio Ranges and Room Indexa

Room Index Room Ratio Range

A More than 4.50

B 3.50 to 4.50

4
C 2.75 to 3.49

D 2.25 to 2.74

E 1.75 to 2.24

F 1.38 to 1.74

G 1.12 to 1.37

H 0.90 to 1.11

I 0. 70 to 0.89

J Less than 0.70

a Adapted from Westinghouse Lamp Division (11).

14



For irregular rooms, the RCR can be calculated as follows:

RCR = 2.5 x wall area of room cavity (9)
workplane area

Determining LLD and LDD Factors

Lamp lumen depreciation is caused iy aging. The amount of depreciation can
be determined from manufacturers' performaance data. The LLD factor compares
the lamp's output when new and when due for replacement according to a lamp-
replacement schedule. Figure 9-6 in Appendix A gives -n average of manufacturers'
data for several frequently used lamps at 70 percent of rated average life. For
example, the LLD for a fluorescent rapid-start 430-milliampere cool white lamp is
0.87 fnr six hours per start.

Luminaire dirt depreciation arises from dirt that collects on th ! luminaire and
its components. Luminaires are classified into six different categories by their
characteristics of attracting and retaining dirt. Use Figures 9-7 and 9-8 in Appendix A
to calculate the LDD factor. For example, a luminaire in category 5 operating in a
clean environment and cleaned once a year has an LDD of 0.88.

After determining the CU, LLD, and LDD factors, solve equation (5) to determine
the lamp lumens required to maintain the average illumination level.

There are point-by-point methods for calculating illumination levels at specific
points; unfortunately, they are not usually valid for calculating illumination levels in
small shelters, because the distance from the point to the lighting source is usually
less than five times the luminaire's maximum dimension. But if these methods are
applicable, see the procedures in the 4th edition of the IES Lighting Handbook (pages
9-21 to 9-26).

Interior Luminance (Brightness) Levels

The luminances of surfaces in the visual environment must be determined to
ensure good visual performance and comfort. The average luminance levels of
ceiling and walls are calculated as follows:

a. Calculate the Room Cavity Ratio.

b. Determine percent wall reflectance and effective ceiling cavity reflectance.

15



c. From Figure 9-34 in Appendix A find the wall and ceiling cavity
luminance coefficients for the type of luminaire distribution that will be used.

d. Use the following relationships to calculate the luminance of the wall
and ceiling cavities:

total lamp lumens x
Average Initial Wall Luminance = wall luminance coefficient (10)

floor area

Average Initial Ceiltig total lamp lumens x
Cavity Luminance = ceiling luminance coefficient (11)

floor area

The Lumen Method assumes that:

a. Luminaires are located so they will distribute light reasonably
uniformly.

b. Coefficients of utilization are based on empty interiors. Interiors
with extensive vertical obstructions may simulate a smaller room and, thus, require
a different CU.

c. Luminaires are installed so they provide their rated output. Variables
such as line voltage, unseasoned lamps, and temperature may cause discrepancies
between measured and computed illumination levels.

16



Selecting Lighting Components

A review of lighting-component catalogues reveals that lighting components
are available in standard sizes only. Fluorescent lamps come in standard lengths,
diameters, wattage, lumens, etc.; fixtures are available only in certain styles and
sizes.

Designers must be familiar with the many kinds of lighting components
commercially available, so they can quickly and easily find components that will be
compatible with their particular shelters.

Determining Compatibility between Lighting System and Shelter

After briefly reviewing available lighting components, and especially luminaire .
sizes, the designer selects the luminaires which will fit into the available ceiling
space. The number of luminaires can be calculated from Equation (6). In some
cases, it may be necessary to relocate air-conditioning ducts, cable ducts, escape
hatches, etc., to provide enough mounting space. If there will be two or more rows
of luminaires, the required mounting space will depend on the manufacturer's recom-
mended ratio of spacing to mounting height (from the floor). For example, a lumi-
naire with a factor of 1.35, mounted 76 inches above the floor, requires spacing
luminaires no farther apart than (1.35) (76) = 102 inches.* For many small shelters,
one row of fluorescent luminaires will suffice; however, a lighting system using
incandcscent luminaires might require more than one row. To mak 'illumination
more uniform, it is generally desirable to space luminaires closer than their
maximum allowable separation.

When luminaires are mounted in the ceiling, it may be Impossible to recess
them completely, and the protruding parts may be a hazard. False ceilings can
protect personnel from sharp corners of protruding luminaires but they do not pro-
vide any additional head clearance. The minimum depth for commercially available
fluorescent luminaires is approximately three inches; so if the maximum ceiling-
recess depth is less than three inches, and head clearance is a problem, the overall
ceiling-to-floor height must be increased. There are fluorescent strip units that
mount in depths less than three inches, but these exposed lamps may be damaged
accidentally and personnel could be injured. Strip units should be used only in
locations where there is little danger of damage and injury.

* If the luminaire is recessed in the ceiling, as most shelter lighting systems are,

use the ceiling-to-floor height.
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Dimming Provisions

40 If the visual tasks in any application require widely differing illumination levels,
the lighting system should have a dimming control. For example, monitoring a radar
display requires low ambient illumination (no more than 0. 1 footcandle), but main-
taining the same display may require 50 footcandles or more. Dimming controls also
make it possible to compensate for aging and dirt: new lamps, which are clean and
bright, require the most dimming, and dimming is gradually reduced as dirt accumu-
lates and lamp output begins to fall off.

Components are readily available for dimming both fluorescent and incandes-
cent lighting systems. An incandescent lighting system is normally dimmed by a
variable auto-transformer controlling the voltage applied to the lamp filaments. A

i fluorescent lighting system can be dimmed either by a variable transformer and
separate lamp ballasts or by a silicon controlled rectifier (SCR) unit and special

- ballasts (Ref. 6, pp 249 to 254). For both methods of dimming fluorescent systems,
type 4OWT12RS lamps must be used.

Although the SCR unit is more expensive than a variable transformer to control
the same lighting load, the SCR unit's compactness may be an important advantage
when space is at a premium.

If dimming is required, at least 50 inches of space must be allowed for the
length of each fluorescent luminaire. This limitation must be considered in making
lighting calculations and arranging equipment in the shelter.

SCR dimmers must have at least a minimum lamp load for reliable dimming.
Some units require at least six lamps. Others require a minimum of only two or
four lamps, which is more nearly the number used in a small-shelter lighting system.
SCR dimmers are also available for dimming incandescent lighting systems.
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ADDITIONAL FACTORS

Several other factors must be considered in designing a lighting system.

Dark Adaption

In some military night operations, personnel working in a shelter may have to
leave it suddenly and go to a dark, possibly hostile, environment. When eyes
adapted to normal illumination in the shelter are moved into a very much lower level
of illumination, they take time to adjust their sensitivity to the new environment --

personnel will not be able to see objects clearly for approximately 15 minutes or
more. The time it takes to adapt to darkness depends heavily on the initial level
and color of illumination, and particularly on the individual himself.

Dark adaption is faster if personnel perform their normal tasks in red (wave

lengths of 620 millimicrons and above) aniblent light. But using a red lighting system
means visual tasks must be designed so personnel can perform them with low levels
of illuminat.3n. It is not feasible to make the red light as bright as )rdinary white
light would be; that much red light would require much more power and possibly even
a separate unit to cool the lighting system. Where a red lighting system is necessary
to provide for dark adaption, it should provide enough illumination on the panel and
indicator markings so the brightness of the markings is at least 0.02 foot-Lambert
but not more than 0. 1 foot-Lambert (Ref. 10, p 79).

Display and Legend-Light Masking

Display and legend lights are a common problem worth additional emphasis
here. Equipment designers should select display and legend lights or switch
indicator components that will be clearly perceived as on or off under the required
level(s) of ambient illumination.
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Maintenance

Any lighting system should be designed for ease of maintenance. It is always
desirable, though not always possible, to use luminaires in which bulbs can be
replaced without tools. Other lighting-system components, such as fuses, ballasts,

etc., should be easily accessible and easy to replace. Lighting components located
behind access covers in the luminaires should be clearly indicated by labels placed
where they are easily seen.

For additional information on maintenance, see reference 8, pp 10-14 to 10-22.

Emergency Lighting

Emergency lighting systems should be provided wherever a failure of the
normal lighting system would degrade system operation or create a potential hazard
to personnel. The kind of emergency system required will depend on how greatly a
lighting failure degrades the system's operation. It takes much less illumination for
personnel to leave a shelter (as a normal procedure in case of a power failure), for
example, than for monitoring a display such as a meter. The emergency lighting
system should switch on automatically when the normal lighting system fails.

Flicker from Fluorescent Lamps

Flicker is an undesirable characteristic of fluorescent lamps. Because the
fusion frequency varies from person to person, some individuals may notice flicker
more than others, although few eyes can detect flicker above 60 cycles a second.
However, because the periphery of the retina is more sensitive to flicker, people
are more likely to notice fluorescent-lamp flicker out of the corner of their eyes
than in the direct line of sight. Wherever it is noticed, this flicker may irritate or
distract people who must perform difficult visual tasks.

Flicker in fluorescent lamps arises from the characteristics of the phosphor
being excited by the cyclic arc current. Largely independent of lamp size and
wattage, the degree of flicker depends on the type of phosphor, power supply frequency,
and ballast circuit. The designer can reduce flicker by connecting half of the lamps
to a lead power-factor circuit and the other half to a lag power-factor circuit, or by
using a three-phase power source. In effect, either of these methods raises the
flicker frequency above the average eye's 60-cycle fusion cutoff. If neither method
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is ieasible, designers should select fluorescent lamps with a low flicker index.
(This index ranoes from zero. for steady liRhr to one;. fr a high degrsee of fMicker *.
(Ref. 8, Fig. 8-31)

Radio-Frequency Interference from Fluorescent Lamps

Radio-frequency interference (RFI) is generated by the mercury arc in fluores-
cent lamps. This interference may degrade the performance of equipment such as
computers and communication sets. RFI can be greatly reduced by power-line filters,
shielded conductors and specially designed lens (diffuser) units which pass light but
block RFI energy.

Separation Between Fluorescent Lamp and Housing

Some lighting systems use different sizes or makes of luminaires. Even if two
different luminaires have the same number and type of lamps, their luminances may
vary; if the luminances vary significantly, they will not distribute light evenly over
the workplane. When circumstances require using differing luminaires, they should
always be tested to assure that any luminance differences do not violate the criteria
in Table 3. Too -large differences can sometimes be reduced by modifying the larger
luminaire internally so its inside dimension is equivalent to the other luminaire - -

for example, the internal wiring c over might be lengthened or widened.

Frequency

Incandescent and fluorescent lamps can be operated on several different
frequencies of alternating current (AC). The most common frequencies are 60, 360,
400, and 840 cycles. Incandescent lighting circuits can be used at any of these
frequencies without modification, but fluorescent lighting circuits must be tailored
to a particular frequency. As the power-source frequency increases, the reactance
must be changed, and the supply voltage must be increased. Operating fluorescent
lamps on higher frequencies reduces lighting costs because higher frequencies are
more efficacious.
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Blackout Lsight'ing

I Some military applications require a blackout lighting system so personnel can
enter or leave the shelter without letting any light escape. The simplest way to meet
blackout requirements is to automatically switch off all lights in the shelter whenever
an exterior door is opened. Yet sometimes meters, dials and other areas must be
illuminated even during the brief time someone is entering or leaving the shelter.
When normal illumination must be maintained, there should be blackout curtains,
sub-doors and inter-locks for turning off all lights between the curtains and exterior
doors. Therefore, when arranging equipment in shelters used under blackout condi-
tions, designers should locate equipment that requires continuous monitoring away
from exterior doors or hatches.
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PART 1: LIGHTIUNG DESIGN APPLICATION

INTRODUCTION

A lighting system design proposed by Aerojet-General Nucleonics (AGN) for
the control cab of the ML-1A Mobile Nuclear Power Plant demonstrates the applica-
tion of most of the principles and factors of lighting presented in Part I. This
lighting-system design was verified by a survey performed in a plywood mock-up of
the ML-IA control cab (Figs. 1 and 2).

LIGHTING SYSTEM DESIGN

ML-lA Control Cab

The following paragraphs are quoted from the AGN design report on the ML-JA
(Ref. 1, pp 2-8 to 2-9):

The control cab [Figs. 3 through 6 ] contains the
instrumentation and controls Jor operation of the power
plant, and satisfies the following criteria: one man opera-
tion; controls within easy reach; logical grouping of con-
trols; easy accessibility to all rack-mounted instruments;
controlled environment; 2 1/2-ton maximum weight;
dimensions [138 inches long, 87 inches wide, 77 1/2 inches
high] compatible with the bed of an M-35 truck; and
acceptable radiation dose rate for the operator.

The instruments, controls, and power circuits in the
control cab which allow the operator to control the reactor
and power-generating equipment include: the nuclear
instrumentation and control components; the control rod
position indicators, safety circuits, and interlocks; process
instrumentation and control components (temperature, pres-
sure, liquid level in the fluid systems); and all indicators
and controls for electrical power distribution.
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Fig. 1. INTERIOR OF ML-1A CONTROL CAB MOCK-UP,
SHOWING LUMINAIRES, EQUIPMENT RACKS AND OPERATOR'S CONSOLE

24



The cab structure [ U. S. Army Signal Corps Type
S-141] meets Signal Corps and Air Force requirements
for land and air transport. Air conditioning, heating, and
lighting are installed in the shelter to provide a suitable
working environment for the power plant operator.

The control console [Fig. 5] is designed to ftnc-
tionally group all instruments and controls within easy
reach of the operaIo-. The console is designed as a unit
and provides three major information and control cate-
gories: process instrumentation and controls; nuclear
instrumentation and control; and electrical power instru-
mentation and control. The console panel assemblies
provide accessibility from the front to minimize the
requirement to perform maintenance work behind the
console. All panels are captive-mounted to the console
by hinges at one edge to facilitate maintenance. The
console base is utilized for storage of spare parts and
mounting of components requiring only infrequent
maintenance.

Figure 3 shows the control cab's floor-plan arrangement of the five equipment
racks, operator's console, and storage closet. An escape hatch is located In the
ceiling above the fold-down seat. The equipment racks, operator's console, and
storage closet extend from the floor to the ceiling (Figs. 4 and 6). There are slide-
out desks on each side of the console operator.

Visual Tasks and mumination Levels Required

The visual tasks operators are expected to perform and the recommended
illumination levels for them are given In Table 7.

To meet the recommended levels for these tasks, the ML-IA control-cab
lighting system must provide from 30 to 100 footcandles of illumination. AGN
selected a fluorescent lighting system to provide 100 footcandles of illumination
and distribute the light uniformly, yet minimize power requirements. A dimming
control was also provided.
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Fig. 2. INTERIOR OF ML-LJ_ CONTROL CAB MOCK-UP
SHOWING LUMINAIRES AND OPERATOR'S CONSOLE
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Lighting Calculations for ML-1A Control Cab

The practical workplane area in the ML-IA control cab is about 40 square feet
(Fig. 3); however, assuming an empty interior, the workplane area is 70.6 square
feet. The workplane's height above the floor is the height of the console desk above
the floor, or 30 inches. The approximate surface reflectances are:

Ceiling 80%o

Equipment, panels, and walls 50%

Floor 30%

The control cab's CU is estimated by the following procedure:

a. The cavity ratios are:

(1) Ceiling Cavity Ratio = 0

(2) Room Cavity Ratio = 5hRC (room length + room width)
room length x zoom width

RCR = 5 (43.5) (Q34 + 76)
134 (76)

RCR = 4.49

(3) Floor Cavity Ratio = RCR hFC

hRC

FCR=A.49 30 =3.09

43.5

b. From the above Ceiling and Floor Cavity Ratios and Figure 9-3 in
Appendix A, the effective cavity reflectances are:

(I) Effective Ceiling Cavity Reflectance = 80%

(2) Effective Floor Cavity Reflectance = 22%
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c. Now the approximate CU can be obtained from Figure 9-4 in Appendix A.
For luminaire distribution number 7,* the CU for 50 percent Wall Reflectance, 80 per-
cent effective Ceiling Cavity Reflectance, and an RCR of 4.49, lies between 0.48 and
0.54. Interpolatirg, the CU = 0.51.

d. The data in Figure 9-4 of Appendix A are based on a 20 percent
effective Floor Cavity Reflectance; since the shelter's effective Floor Cavity Reflec-
tance is close to 20 percent, it is not necessary to modify the CU as it would be if the
effective Floor Cavity reflectances were much different from 20 percent. Figure 9-5
in Appendix A gives correction factors for effective Floor Cavity reflectances other
than 20 percent.

The LLD and LDD Factors for the Control Cab Lighting System are determined
as follows:

a. Since there must be a capability for dimming the fluorescent lighting
system, type 48 T-12 430 ma, Rapid Start lamps are required. From Figure 9-6 in
Appendix A, the LLD Factor for this lamp (cool white color) is 0.86, assuming 12
hours of operation per start.

b. Since luminaire distribution number 7 (Fig. 9-4, Appendix A) specified
an LDD category 5, the LDD is determined from category 5 data of Figure 9-7,
Appendix A. The shelter interior's dirt environment is considered clean; therefore,
the LDD factor for cleaning the luminaire and shelter surface annually is 0.88.

Given the CU, LLD and LDD factors, equation (5) indicates how many lamp
lumens will be required to maintain an illumination level of 100 footcandles.

maintained footcandles x
Lamp Lumens = empty shelter workplane area

CU x LLD x LDD

Lamp Lumens = 100 x 70.6 = 7060
0.51 x 0.86 x 0.88 0.386

Lamp Lumens = 18300

Since a type 48 T-12 rapid-start fluorescent lamp, cool white color, generates
3100 lumens initially, the shelter's lighting system will require six lamps.

* This type of luminaire was selected because it transmits and diatributes light so
efficiently. Its coefficients of atilization are the highest of any fluorescent luminaire
illustrated in Figure 9-4, Appendix A.
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The initial illuminatinn Itvpl in &-almlat ,A,1j f sv. Am•.n ,,o-4,, .(3):

Footcandles = lamp lumens x CU
area

Footcandles =6 (3100)_(0.51) 134
70.6

It will not be possible to calculate luminance levels for interior surfaces by the
method described in Part I, because the data of Figure 9-34, Appendix A,does not
give luminance coefficients for this type of luminaire. As an alternative, luminance
levels may be computed as described in the Third Edition of the IES Lighting Hand-
book (7):

a. Determine average interior workplane illumination.

b. Compute room coefficient, Kr

Kr = wall area
4 x floor area

c. Refez to Figure 9-27, Appendix A, to obtain luminance factors
corresponding to room reflectances and Kr. Interpolate when necessary.

d. Multiply the luminance factors by the average illumination in step a.

For this shelter, the calculations are as follows:

a. Average initial illumination = 134 footcandles.

b. Room coefficient, Kr = 214 = 0.76
4 (70.6)

c. From Figure 9-27c, Appendix A, the luminance (brightness) factors are:

Wall -- 0.266

Ceiling -- 0.240

Floor -- 0.30

Ceiling, wall, and floor reflectances are 0.8, 0.5, and 0.3 respectively.
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A lua t,,,. _ W all IA = A fe,*...I amw-arta

Celn lVumia nce 0. 2 (134) = 32W.2 J a..n v

Ceiling luminance = 0.240 (134) = 32.2 foot-Lamberts
S~Floor luminance = 0.30 (134) = 40.2 foot-Lamberts

This completes the initial lighting estimates; final lighting calculations are
made after a specific luminaire has been selected.

TABLE 7

ML-IA Control Cab Visual Tasks and Recommended Illumination Levels

Task llkl.nination (footcandles)

1. Reading technical manuals 30-.50

,. Making entries in the log 50

3. Preparing failure reports 50-70

4. Monitoring instrumentation (meters, etc.) 50

5. General electrical testing
(using multimeters, sccpes, etc.) 50-100

6. Using circuit diagrams 100

7. Soldering I00
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Lamp Layout

Figure 3 shows the ceiling area available for mounting lamps. This ceiling
area permits only one reasonable lamp arrangement: two lamps in the operator
area and perpendicular to the aisle, and two pairs of lamps paralleling the entire
length of the aisle area and protruding into the operator area. The last two lamps
contribute light to both operator and aisle areas. If there were no escape hatch, it
would also be possible to arrange four lamps in the operator area perpendicular to
two lamps in the aisle area.

Lighting Components

Reviewing the specifications of several commercially available components, *
to determine which ones would meet the lighting requirements best, guide-2 the
designer's selection of components:

a. Aisle Area Luminaire -- Day-Brite #2x84 Chassi, tone rzquirted)
Day-Brite #789P Lens (two required)

b. Ofprator Area Lu.n.inaire -- Day-Brite #1x42 Chassis (one required)
Day-Brite #739 Lens (one required)

c. Dimming System -- General Electric DS1-5000 Fluorescent
Dimming System - - refer to GE brochure
#GEA-7874 for description and characteristics.

The Day-Brite luminaires are recessed into the cab ceiling to a maximum
depth of 1 13/16 inches; however, the luminaire's depth is 3 1/4 inches, so 1 7/16
inches of each lumrmaire protrudes below the ceiling. This reduces the overall
floor-to-ceiling height from 73 1/2 inches to approximately 73 inches, so personnel
over six feet tall must enter and leave the cab cautiously. Increasing the interior
floor-to-ceiling height of the cab to 76 inches would accommodate 95th percentile
personnel.

• See Appendix B for other components considered.
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S ","i* Calculatins

As stated in Part I, data for commercial luminaires may still give coefficients
of utilization In terms ot Room Inex, rather than the Room Cavity Ratio, as Is true
with the Day-Brite Luminaires selected for the shelter lighting system. The Room
Index for the shelter is calculated as follows:

a. From equation (8),

Room Ratio = width x length
Mounting height of
luminaire above x (width + length)
work plane

Room Ratio = (76) (134)
43.5 (76+134)

Room Ratio = 10184
9135=1.115

b. From Table 6, the Room Index for a Room Ratio of 1.115 is H.
For a Room Index of H -- and with ceiling, wal, and floor reflectances of 80,
50, and 30 respectively -- the coefficient of utilization for the Day-Brite 789P
and 739" Waffletex lens (diffuser) units is 0.47 (Appendix B).

The photometric data for the Day-Brite luminaires also give Maintenance
Factors (MF) for three different conditions of environmental cleanliness. In place
of the MF, the LID and LDD Factors are preferred and are better indicators of
light depreciation. The MF should be used only when the LLD and LDD factors
cannot be computed. For this case, the product of the LLD and LDD factors is
approximately 0.76, and the MF for a good condition is 0.75.

Using the above coefficient of utilization in equation (5), the lamp lumens
required are:

Lamp Lumens = 100 x 70.6 = 7060
0.47 x 0.86 x 0.88 .356

Lamp Lumens = 19850

/
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Theoretically, seven lamps will be required. However, seven lamps give an
initial Illumination level of 144 footcandles and a maintained illumination level of
110 footcandles, while six lamps will provide 124 initial and 93 maintained foot-
candles. Because seven lamps give more light than needed - - and because the tasks
that require higher illumination levels are not done as often as reading, writing,
and monitoring instr-uments - - six lamps (type 48 T-12 RS) are adequate for this
application.

Initial luminance levels are:

Wall -- 0.266 (124) = 33foot-Lamberts

Ceiiing -- 0.240 (124) = 29.8 foot-Lamberts

Floor -- 0.30 (124) = 37.2 foot-Lamberts
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Aisle
Luminaire LI 19"

P-2

5 I Operator
:1 Area
P Luminaire

5:1 L2{ _t :,u_ 4,gq6 W

- Sta c - ta a fc Sta - 6a fc

g.l. 121 P-I' 91 P-1 122 .X-1 122
g2 136 P-2' 142 P-2 130 X-2 129
q3 143 P-3 121 X-3 120
_q4 120 P-4 131 X-4 130
q5 134 Total 504 Total 01
q6 144 __Avy P= 126 Avg X 125

Total 797 Total 233

Av q = 133 Avy P' = 116 Avg X equals
emergency illumination
level with right half of

(gN+ '\+ P, Li and all of L2 illumi
Average Illumination= \N + 1P/ nated; points X-1 thru

2 X-4 are same as points
(N = number of luminaires) P-I thru P-4.

Average Illumination = 127 footcandles

Fig. 7. ML-1A MOCK-UP: ILLUMINATION LEVELS AND MEASUREMENT POINTS
ON A WORKPLANE 30 INCHES ABOVE THE FLOOR

38



LIGHTING SURVEY

Method and Procedure

Components of the proposed AGN Lighting System for the ML-lA control cab
were obtained and installed in a plywood control-cab mock-up (Figs. 1 and 2), and
a lighting survey was performed to verify the lighting-system design.

Illumination was meas ured with a Weston Model 614 Footcandle Meter (cosine
corrected). Measuremeiits were made on a horizontal workplane 30 inches above the
floor. The specific measurement points and calculations of average illumination are
shown in Figure 7. These points are derived from Tables 5B and SE of the IES
publication How to Make a Lighting Survey (4). The survey was made with simulated
equipment installed. It was felt that these illumination measurements should not
differ greatly from measurements of an empty shelter, because the equipment's
surface refILctance is about the same as that of the wall. Figure 3 shows that the
equipment covers about 2/3 of the wall area. Also, light distribution would be
somewhat poorer in an empty shelter, because the luminaire's location in the
ceiling would not be centered longitudinally.

Illuminance measurements were made for the console panels, console displays,
walls, ceiling and floor with a Photo Research Corp. Spectra Spot Brightness Meter,
model #SB. Brightness values obtained from a target disk with known reflectance of
better than 99 percent provided relative percent reflectances of these surfaces. The
target disk was placed at the same locations where the brightness measurements had
been taken. The specific measurement areas on the console are shown in Figures 9
through 16.

Both illumination and brightness measurements were made after approximately
100 hours of lamp operating time.

Results

The average illumination level on a horizontal workplane 30 inches above the
floor, as measured in the ML-lA mock-up, was 127 footcandles with the dimmer
control set for maximum illumination. (Figure 7 gives illumination levels measured
at specific points and equations used to determine the average illumination.) The
illumination values ranged from 92 to 144 footcandles.

39



Lower Left Panel Lower C or Panel
"of Operators Console of Operat s Console

"110 130 140 140 140

68 811102, 120 140

121"

69 82 Ito 120 145 I
,- •_Center lie

S 71 84 100 130of Operators Console

Fig. 8. ILLUMINATION LEVELS MEASURED ON LEFT PULL-OUT DESK
AND CENTER DESK OF OPERATOR'S CONSOLE

(Values are in footcandles)
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Illumination levels on the floor directly below measurement points ql through
q6 were:

q1 - - 80 footcandles

q2 -- 100 footcandles

q3 98 footcandles

q4 - - 85 footcandles

q5 -- 100 footcandles

q6 -- 98 footcandles

Illumination levels on the left pullout-desk and center-desk areas of the console
are shown in Figure 8.

Illumination levels on the floor under the console desk were:

center section -- 30 footcandles

left section -- 26 footcandles

rig!-t section -- 28 footcandles

The floor readings were taken at three points on a line parallel with and located eight
inches from the lower vertical console panels.

Figures 9 through 16 show brightness levels for the console surfaces and
displays. Table 8 gives brightness levels and percent reflectances for ceiling, walls,
work surfaces (desk), floor, center console surfaces and center console displays.

Table 9 shows the measured reflectances for the surfaces and the recommended
reflectance range (criteria) for these surfaces.

Table 10 shows calculated and measured brightness levels of the ceiling, walls
and floor. Direct glare from the ambient lighting system caused no problem;
however, glare from the aisle luminaire was reflected from the meter lenses of the
lower-center console panel, where it would be visible to a seated operator.

The uniformity of illumination was, for the most part, adequate, but the
minimum illumination level was approximately four percent below! the recommended
one-sixth value below the average illumination level. No lamp flicker was observed.
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Fig. 13. LUMINANCE LEVELS MEASURED ON CONSOLE PANEL -- UPPER-LEFT
(Values are in foot-Lamberts)
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TABLE 8

ML-lA Control Cab Mock-Up Interior Surface Reflectances and Luminance Levels

Disk Surface
Luminance Luminance Percent

Surface (foot-Lamberts) (foot-Lamberts) Reflectance

Ceiling (center of escape hatch) 35 30 86

Walls
(on vertical centerline of cab door --

8 inches below lumtnaire) 150 90 60

(30 inches above floor) 60 33 55

Console (left desk) 135 58 43

Work Surfaces (center desk) 140 65 46

Upper Center Console Panela 110 50 45

110 42 38

148 80 54

Upper Center Console Displays 110 68 62

110 85 77

148 115 78

Floor (measurement point ql) 80 22 27
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TABLE 9

ML- 1A Control Cab Mock-Up Interior Surface Reflectances

and Recommended Surface-Reflectance Criteria

Measured Percent Percent Reflectance

Surface Reflectancea Criteriab

Ceiling 86 80 to 90

Wall 55 40 to 60

Console Work Surface 46 25 to 45

Center Console Panel 45 25 to 45

Center Console Display 62 Not more than 75
for 25 percent panel
reflectance

Floor 27 Not less than 20

a Values from Table 8

b Values from Tables 2 and 3

TABLE 10

Calculated and Measured Luminance Levels

Calculated Measured Luminance

Surface Luminance (from Table 8)

Ceiling 36 30

Wall 33 30

Floor 30 22
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Discussion

The average illumination level measured in the ML-IA mock-up compares
favorably to thE calculated value. Substituting values in Equation (2) and setting the
LLD and LDD factors equal to unity, * the calculated illuminau.on is:

Footcandles = (total lamp lumens) (CU) LLD) (LDD) = (18600) (0.47)(1)

Area of Workplane -70.6

Footcandles = 124

The measured illumination is 127 footcanidles, and the percent error is:

127 - 124

Percent Error- 127 (100) 3.2%

The error probably results mainly from the small differcli.•. - the theoretical
and actual reflectances of the interior surfaces -- the CU is based on standard surface
reflectances. For example, the measured wall reflectance is 55 percent, and the
theoretical wall reflectance, on which the CU is based, is 50 percent. Floor and
ceiling reflectances diff similarly:

Measured Reflectance CU Standard Reflectance

Floor 27% 30%

Ceiling 86% 80%

From these values it is apparent that the illumination measured in the mock-up
should be slightly higher than the theoretical value of illumination. Since ceiling
and wall reflectances affect the average workplane illumination level much more
than the floor reflectance does, the fact that the actual floor's reflectance varies
slightly from the standard reflectance usually has no significant effect on the
illumination level.

Multiplying the measured initial illumination level (127 footcandles) by the LLD
and LDD factors gives a predicted illumination level just before a scheduled mainte -

nance period of 96 footcandles, The lighting system therefore 2ssentially satisfies
the in-service illumination- level requirement of 100 footcandles.

• Because the luminaires are new and clean, the MF, LLD, and LDD factors

equal unity.



Lumuiance levels of the walls, ceiling and floor compared favorably with the
calculated levels given in Table 10. Whiere they differed, it was probably because an
approximate wall area was used instead of the actual wall area -- actual wall area is
gencIaily difficult to obtain wiere equipment such as the console does not present a
completely vertical sarface -- and because the data in Figure 9-27c, Appendix A, are
based on standard ceiling, vali and floor reflectances, rather than on the actual
reflecranccs in the mock-up.

Among the luminance levels of the console surfaces and displays (Figs. 9
through 16) only one exceeded tht maximum Lceommended luminance ratios in
Table 3. The 3: 1 ratio between a task area and adjacent darker surroundings is
exceeded if the luminance levels of the extreme upper-left and upper-right console
surfaces are compared with luminance levels of the lower-center console surfaces.
Since these extreme upper surfaces are beyond the effective lighting distribution
pattern of the luminaire, they may be considered in the C environmental classification,
instead of the B environmental classification. The 5:1 ratio therefore applies, and
the luminance difference of this area is satisfactory.

For the most part, the measured surface reflectances are within the recom-
mended ranges of surface reflectances (Table 9). The oniy surface which does not
comply with the recommended reflectance is the console work surface; but, because
this reflectance value is almost within the recommended reflectance range, the
surface should not cause operator discomfort or fatigue.

Using diffusing lenses in the console meters eliminated the reflected specular
glare of the aisle luminaire.

Conclusions

1. The lighting system proposed by AGN provides the required levels of
illumination for the various visual tasks performed in the ML - IA control cab.

2. Contrast ratios (luminance ratios) between the visual task area and other
surfaces are sotisfactory.

3. Sources of reflected glare were eliminat--d•

4. The floor-to-ceiling height of the shelter shculd be increased 2 i/2 inches.
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APPENDIX A

LIGHTLNG-DESIGN DATA*

I

Appendix A is reproduced from the 4th Edition of the IES Lighting Handbook (8), 1
except Figure 9-27 which is reproduced from the 3rd Edition of the IES Lighting
Handbook (7).55
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LIGHTING CALCULATIONS

Fig. 9-3 Per Cent Effective Ceiling or Floor Cavity Reflectance for Various Reflectoance Combinations

90 80 70 50 30 10

PerCeftWaR tReRhcttt 90 70 50 30 80 70 50 30 70 50 30: 70 50 30 65 50 30 10 50 30 10

S0 W. go go go go 80 80 80 -0 70 70 50 :156 aO 30 30 30 30 1.0 10 10
0 1 90 89 88 87 79 79 78 78 89 69 68 59 49 48 30 ,30 29 29 10 ! 0 Io
0 2 189 88 180 85 79 78 77 176 68 67 166 49 48 ;,470 30 129 29 29 10 110 9
0 3 R9 87 85 183 78 77 75 174 t,8 66 64 49 47 146 30 29 28• 27 10 10 9

0 4 88 86 83i 81 78 76 71 72 67 6 .5 63 48 46 45 30 29 27 26 11 10 90 5 88 85 81 78 77 75 73 70 66 64 j 1 48 46144 1 292 2,251 10 9

0 168818,4180 76 7 75 168 65 2 59147 45 43 2 82 2Z 11 10 9
07 88 8378 74 7% 74 70 66 65 61 58 47 44 42 29 28 26 24 11 10 8

8 87 82 77 73 75 73 69 65 64 60 56 47 3 41 29 27 25 20 8
09 87 81 76 71 75 72 68 63 63 59 55 4643 40 i2-d27 25 22 11 9 8

1 0 668 4697 1m61 63 58153 48 421 39 129 '27 24 22 11 9 8

1.1 186 79 73 67 74 71 656062 57 52 46 413829 262421 11 9 8
1.2 M 78 72 65 73 70 64 58 61 56 50 4541371 29 26 23 20 12 9 7

1 3 85 78 70 64 73 69 63) 57 61 55 49 45 i40 36 291251231201 12 9 7
1 4 85 1 77 69 62 72 1 68 62 55 60 1 54 48 45 40 35 28 26 22 19112 9 7

__. ......__ ______ ---- -1.- . -....15 85 76 68 61 72 68 61 54 59 5347 44 391~ 2 521 12 9 7

1 6 85 75 66 59 71 6716015M 59,52 45 144 3 3328 25 21 181 12 9' 7
1 7 84174 655871 665952 58 5144 44 3832282521 17 12 9 7

1.8 84 73 64 56 70 65 58 5057 50 43 431 37 32 28 2.5 21 !7 19 9 6
149 84 57 49 42 43 37131 28 95•__20 16 12 916

20 83 72 62 53 69 64 56 48 56 48 41 41 37 301 2824 20116 12 9 6

1831___1_511__6; .I.. ..9
21 71 475 0 356 47 40 43 3 2928 24 20 16 13 9 8

22 83 70 60 51 68163 5415 55 46 394236 2928 241915 13 9
2>* 23 t83169 59 50168 62 53 44 54 46 38 42 35 28 28 24 19 15 13 9 6

" 8224 1 8 68 5848167615243 54 45 37 42 35 27 28 24 19 14 13

2 5 51 42 53 44 36 41 34 27 27 23 1814 13 9 6

26 82 67 56 46 6050 4153433541 3426 18 3 13

S2 7 82 66 65 45 •661eO 49 40 52 43 41 33 26 28 13 13
2 8 81 66154 44 66 1 59 48 39 5242 3341 3325 23 1813 1319 5
2 9 81 65 53 43 65. 58 48 38 51 41 33 40 33 5 23. 17 12 13. 5

3.0 8164 2 42 65 M 47 38 51 40 32 40 32 242 22 117 1213 8 5f . 150164152142165184 7 _

3 1 57 46 37 60 40 31 40 32 24 22 17 12 13 8 5
3 2 80 63 60 40 64 57 45 36 50 39 30 40 31 23 22 16 11 13 8 5
3.3 80 2149 3964 4435 49 39 3123 2722 16 !13 8 5
3.4 80 162 48 38, 63 56 44 34 49 38 29 39 31 n 2 27 22 16 11 13 8 5

35 79 61 48 7 i63l5643 1 33 48138 29 39 30 22 26 22 16 11 13 8 5
___ ...- . .-.--- -- -+ . . I- - i I2

3.6 60 4738 62154 42133 48 37 2839 30 21
3.7 179 60 46135 62 54 42 32 48 37 27 38 30 21 26 21 15 10 13 81 4
38 79 59453562 5341 31 4738 2738 2921 21 15 10 13 8 4
39 78 59 45 34 61 3 40 30 47 36 26 38 29 20 26 21 i 15 10 13 8 4

814.0 78 44 33 61 52 4013014635 26 38 29 20 26 21 151Q 13 8 4

68 52 33 29 46 --- 25 3728 26 21 14 ,1318 44 2 1 78 57 45 32 60 51 39 I29 46 34125 37 28 19 26120 14 9 131 8 4

4 3 78R5 1 42 31 60 5 "18 28 45 34 25 37 28 19 26 20 14 9 13 8 4

4.4 77 56141 30 59 5138 28453424 372719 26 20 14 8 13 8 4
4 5 77 55 41130 59 50 37 27 45 33 24 37 271 19 25 20114 8 14 8 4

4.6 5540 29 95037 2644, 33 2 3 2 1 0 14 8 14 8 44.7 7764 10 129 58 49 36 126 44 33 ?336 26 18 252C 11. 8 14 814
4.8 76 5413 I5 93 54 32 23 3826 18 25 19 1318 1418 4
4 9 7653I38l2 8 49 35 25144 32 l3 2C 18 25 1 1 39 7 14 8 4

o 0 7 m53  38  27  67 35 25143 32 22 3826 17 25119 13 7 14 8 4
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COfFFICIENTS OF UTILIZATON iZOrqAj ,AVITy MfPHOVI

Fig. 9-4. Coefficents of Utilizahton for Tyoicol Lumima~res wit• Suggested Maximum Spacing Rot" and Moanteerfte Category,

To obtain a Coefficient of Utilization (see also Fig A 19, thl' . !.- i.'ionaire type to be used interpoia".
1. Detarmine Cnviy Ratios for the Room, Ceiling, and Floor when neceenar', to obtain CU for exact Room Cavity

from Fig. 9-2 or the formulas on page f.-2. Ratio for nearest Effective Ceiling Cavity Reflectances
2. Determine the Effective Ceiling and Floor Canvity Re. above ind below reflectance obtained in Step 2, interpo-

flectances from Fig. 9-3. Use expected maintained cedi- late between these CU's to obtain CU for Step 2 Ceiling
ing, floor, and wall reflectances unless t:nmIal 13vinina- Cavity Reflectance
tion is desired. 4 If Effective Floor Cavity Reflectance differs significantly

3. Obtain Coefficient of Utilization (CU) for 20 per cent from 20 per cent, obtain multiplier from Fig. 9-4 and
Effective Floor Cavity Reflectance from appropriate apply this to the CU obtained in Step 3.

PC(" 80 j 70 50 .0 o0 0

Typical Dit•il i i __ ___

"M d Pwd -1 50 30 10 50 30 10' 5 30 10 50 30 10 so30 10 0 ,I~k v i 1 01 1 • Mck-Aenanc* C~fat~gor

ECRb I Co.eMcinti of Utilization for 20 Per Cent Effective Flow CUvty RWfiedance, prci
I *i

1 1.49 .48 .47'.48 .47 .461 47 .46 45 45 .44 .44.43 .43 .421 .41
2 45 .43 .41 44 .433 .40' 43 .41 .40' 42 40 .391.40 .39 .381 .37
3 ' 42 39 .37 .41 39 .37 40 .38 361.39 37 .368 38 .36 .35 .34

4 .38 35 .33 38 .35 .33 .37 34 .331 36 34 32.35 .33 .32 .31
5 A.35 .32 .30 35 .32 .30 34 .31 .29'.33 .31 .29i.32 .30 .291 .28
6 33 .30 .27 .32 .29 27 32 29 .271 31 29 27 30 .28 .27 26
7 30 27 25 30 .27 .25 29 .26 .25! 29 26 .24 28 .26 .24i .24 1500 mA, 1lamp, '-wide au-
8 28 .25 22 27 .25 22.27 .24 .22 26 .24 .22' 26 24 .22, 21 minum troffer with 45" x

9 25 .22 20 25 22 .20'.25 .22 20, 24 .22 20 24 .21 .20 .19 48° shielding
Max. S/MH.,, 1.1 10 23 .20 .18[ 23 .20 .18.2 .23 ! . .L 22 .• A18: 22 .ýG .189 .17 LDD Maint. Category IV

2I

0% 1 54 .52 .50ý 53 .51 .491 50 49 48' 49 .,i 46 47 46 .,'5, .44
S2 49 .46 .441.48 .46 .431 46 .45 43' 45 43 42 '43 .42 ,411 .40
3 45 .42 .396 44 .41 .39,43 .40 38 42 40 381.40 39 37 .36
4 41 .37 .35,40 .37 .35 39 .36 341 38 36 .34: 37 .35 .33! 32

50 5 .37 .34 .3iý:.37 .34 .31 36 33 30 35 .32 30'34 32 .30' .29
6 .34 .31 .28ý.34 .30 .28 33 30 28 32 30 27'32 29 27 26
7 .31 .28 25 .31 .28 .25 30 27 25 30 27 '.5 29 26 2.51 24 2-lamp (T12), 1'-wide alumi-
8 ,29 .25 .22' 28 .25 .22 28 25 22 27 24 22 26 24 22' .21 num troffer with 45* x 300
S91.26 .22 201 262220 220 25 22 20242120 19 shielding

Max. S/MH., - I 10 24 .20 .18 24 .20 .18 2. 2V 18 23 20 18 23 .20 .18! .18 LDD Maint. Category IV

- 1 1.73 .70 68, 70 .68 665.66 64 62 61 60 .59 57 56 .551 .53
- 2 1.65 .61 .581.63 .60 .571 59 56 54 56 53 51 52 .50 491 .47

3 159 .54 50! 57 .53 49! 54 50 475•0 .48 45 48 .4 .43, .42
4 '53 .48 .45.51 .47 .43 49 45 4 ! 4. A? 40, € .11 .381 .Z7

5 ,4 .42 38' 46 .41 .37, 44 39 .36 4i .38 .35 39 .36 34.32
6 .43 .38 .34,.42 .37 .33 .40 .35 .32 38 .34 .31: 36 33 30 .28 1
7 39 .33 .291.38 .33 .29 36 .31 28 34 .30 27 32 29 .27 .25
8 1 35 .30 .261 34 .29 .26 .32 .28 25 31 27 .241 29 26 23 .22 2-lamp, 1'-wide, white troffer
9 .31 .26 .22!.31 .26 .22 29 .25 .22 28 .24 21' 26 .23 .20i .19 with prismatic lens

Max S/MH,,- 1.2 10 1.29 .23 .201 28 .23 .20 27 22 .19 25 .21 .19 24 .21 .18 .17 LDD Maint. Category V

F F
4

0% 1 1.63 .60 .581.62 .89 .57 5ro 57 56 57 .55 5 4 ;. 5 5 .53 ,52 .51

2 1 .48i.54 .50 .47 .52 49 46 50 48 .45;.48 .46 .44 .43I3 .49 44 .40.48 .43 .40'.46 .42 39 44 .41 .39ý.43 .40 .381 .374 4 . 3 .35 .3 .38 .441 37 3.40 38 33,39 .36 .33.3
S138 33 29138 33.2936 32 .29.35 .31 .281 34 .31 .28i .27
6 1.34 209251134 29 .2533 28 2532 .28 . 27
7 31 26 22!30 26 .22 30 25 22 29 • .28 4 .221 .20
8 .28 .22 ,191.27 .22 191.27 .22 .19 26 22 191,25 .21 .19* .17 2-lamp, 1'-wide white troffer
9 .25 .20 .16 25 .20 16. 24 .19 .16 23 19 16i 22 .19 .16 .15 with translucent diffuser

Max. ./MH..- 1 0 .3 .18 .141122 .18 . 14 , 22 .17 .14 21 .17 .141.20 .17 .14 .13 LDD Maint. Category V

Ratio ot maximuan spmaaaj bietwo luminalre cantes tc, mounticni (or ceihlin) heiStit above the work pLan. B "Lwnnia•r• Spacinig" on pap 1-1
b JCR - Roorr Cav ity Ratio dow- Per cent wal reftectaince

• - Pw ant effettive ceiling cavity reflectance. *Sep p" 1 9,-10 and 9-17.
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tIKPH8i4G CAL.'UI TIONS

Fig. 9-4. Continued

pm, 0 70 1 50 30 10 o
SI ' Ty-•bkat Luminaires and Lu.inoirv

and ;Pwd 5. 50 30 10I 50 30 10 50 30 10 50 .0 10 r0 30 101 0 1 Luailnai d C ot'e
Maxtium Spoc" , _ I . .Maintenance Cateo. .

RCR it, Coefficients of Utilization for 20 Per Cent Effective Ftoor Cov'ty Reflecto.ce, p•c

0%

1 48 47 461 47 46 451,46 44 431 44 43 42 42 .41 411 40
2 43 41 .39ý 42 40- 381 41 39 371 40 38 371 38 37 .361 35
3 [39 36 .341.39 36 .34: 37 35 331 30 .34 33,.3,5 33 32 .31

j I 4 36 .32 301 35 32 30, 34 .31 291.33 31 29 32 30 2S, .27
5 132 28 .261 31 .28 .26A.3 28 25i 30 .27 .25 29 22 25; 24
6 2 .26 .231 2 25 .23I 28 25 23 7 .2 -2127 24.2i 2
7 127 .23 211.26 .23 211 26 .23 .211 5 .22 .201.25 .22 .201 .20
8 i 24 .21 .18' 24 .21 .181 23 20 IS 23 .20 .181 22 20 .18 .17 2-1amp, l'-wlde white troffer
9 1 22 19 .16 22 .18 .16i 21 18 .16 21 .18 .161 20 18 161 15 with 45' plastic louver

Max. B/MH, -1.1 10 .20 .17 .15 20 17 .15 20 .17 .15 19 .!6 151 19 16 141 .14 LDD Maint Category IV

6

1 44 42 .411 43 .41 .40'4'1 40 391 39 .39 .381 38 38 .371 36
2 39 .38 36; 39 37 35 37 36 34i 36 .35 34;.35 .34 331 32

36 33 .31 .2 32 3 1 3 4 31 2 31' 33 .32 30 32 31 .301 .29
.33 .3.1 32 .30 28 31 4 27, 30 28 .27 .30 28 27; .26

5 30 .27 25 29 .26 24 28 26 24' 28 26 241.27 25 .241 .23

6 27 24 .221.27 24 22' 26 24 22 26 23 22' 25 .23 .221 .21
7 25 .22 W 25 .22 20 24 22 20.24 21 20. 23 .21 .201 .19 2-lamp, l'-wide white troffer
8 23 .20 .18$23 20 18 22 .20 18 22 19 .18' 21 .19 .181 17 with 450 white metal

I 21 .18 16 21 .18 16 20 18 161 20 .17 .161i 19 17 16 15 louvers
Max. S/MHp -09 10 19 .16 .14-.19 16 14 19 16 ;4 18 16 .14, 18 .16 141 14 LDD Maint Category IV

0% 1 1.75 .72 701 73 71 69 70 68 67 68 .66 65M.65 .64 .631 .62
2 67 W 59ý.65 62 59 63 66 57 11 ,58 561 59 .57 5554
3 60 55 .51j 59 54 51 57 53 50 55 .52 .49 53 504 81 .47
14 .54 48 .44 53 48 44 51 47 43 50 .46 .43; 48 45 .421 .41
5 1 49 42 .38i 47 42 38' 46 41 374 4 40 .37T 43 39 3,j .35
6 ý.43 .37 33ý 42 37 33 41 36 33 40 38 .32j 39 35 32, 31
7 1.39 33 29; 38 33 .29 37 32 28 36 31 28' 35 31 28' 27 2-larnp 2-wide white troffer
8 I35 29 251 34 29 25 33 28 25 32 28 25 32 28 24 23 with prv~matic lens. (Multi-
9 31 25 21 31 25 .21 30 24 211 29 24 21 28 .24 .21 20 ply09 for 4-i.mp)

Max. S/MH.p -1.3 10 28 23 .19 28 22 19' 27 22 19 26 22 .19 .26 22 .19 .17 LI)D) Maint Category V

0%
1 69 66 64' 67 65 63 5 M 61 62 61 58, 5 58 571 55
2 61 56 .53 56 55 52 5 53 51 54 52 50 52 50 49- 47

3 53 49 .44'.52 48 43 50 47•43 49 44 42 46 43 .41 40
.48 42 .381 46 41 38' 44 40) 371 43 .m 361.42 38 36' 35'F5 42 .36 .31141 36 31 40 31 31 38 3.3 30,37 33 .30 .29

6 38 .31 271 37 31 26 36 30 26 34 30 261 33 .2925 25
7 .33 .28 241.33 28 24 32 .27 241 31 27 .24! 30 .26 .231 22 2-lamp, 2'-wide white troffer
8 1.30 25 211.30 25 211.29 24 21j 28 24 .211.27 23 .201 .19 with translucent diffuser.
9 .27 22 .18'.27 .22 .171.26 .21 .171 25 .21 17 24 .21 17 .16 (Multiply by 0.9 for 4-lamp)

Max. B/MH,,- 12 10 125 19 16 24 .18 1523 .18 .1522 .14 LDD Maint. Category V

'Ratio of inaidium speinag between lumkaire centes to mounting (or ceinmg) height above the work Place. Oee "Luminair, Specing" on PRO 0-16.
b RCR -- Room Cavity Ratio.
4 sM - Per ant effective oerling cavity reflectance.

pw- Per cent wall r6eet&ent

a Bee peee 9-16 and 9-17



COEFFICIENTS OF UTILIZATION

r;, 9-4 Conitnute'

0o 70 50 30 10 0

Typkol D t'-- .. -- Ty]pkal Lum•nore oand Lurnina'
lrd -1 50 30 10 50 30 10' 50 30 10 50 30 10 50 30 10, 0 Mairdenant o Categoery

lfCb 11 CoimcLents of Utilizatlon for 20 PFr Cent Effective Fio*.- Cavity Rofectonce, ert

1 . !.59 57 6 58 .56 .5 1 56 54 53 53 52 511 51 .51 .501 .49
2 .5 A 47152 49 .4751 0 48 46148 46 .45 47 '45 '441 143
3f 4.8 .44 .41i 47 .43 .40 .45 42 40! 44 41 .39 .42 40 .391 .3S

14 .43 .39 36; 42 39 .36 41 .38 35; 40 37 .35 39 .36 .341 33

5 .39 .34 311.38 .34 .311 37 .3K 31 36 33 30i 35 ,32 .301 29
6 35 .31 28 .35 31 .281 34 30 .271.33 30 271 32 .29 .27 .261 2lamp, 2'-wide white troffer
7 .32 28 25' 32 .28 25 31 27 .25! 30 27 .241 29 27 .24 .23 with 45* plastic louver.
8 .20 25 221.29 2 22 28 .24 .22' 27 24 22.27 .24 .21 2f.,b Multiply by 0.95 for

9 1.21 2-2 .191 .25 22 .19, 26 2-2 191 25 21 19, 24 21 19' .18 4-lamp)
Max. 8/'MH.p- 1.1 40 24 20 .171 24 20 171 23 W .17! 23 20 171 22 .19 171 16 LDD Maint Category IV

1 49 .47 464.48 46 .451 46 45 44144 42 .42 .,1' 40
t 44 .42 .401 43 .41 .391.42 .40 .38& 40 39 .381 .3 N 38 3i.3603 .G .37 35! 39 37 3 5

i.
3 , .3i6 .34! ;7 35 .341 36 j4 .33! 32

34 .7 .33 .311 3 .33 31 35 .312 3034 32 .30133 .31 .30 .29
S30 .27 .25.30 .27, 24. 26 .24 28 26 .24.28 26 .241 .23

7 .28 .25 .22 28 24 221 27 .24 .22 26 24 .22,.26 24 .21
8 1.25 .22 211.25 .22 .21' 25 .22 21! 24 2. .11! 24 21 .191 .19 4-lamp, 2'-wide white troffer

9 .23 .19 .181.23 .19 181 22 .19 .11 2- .9 .17' 22 .19 .17; .17 w"#h 450 white metal louver
Max. S/MH., -0.9 10 .21 118 .16 .21 18 .161 21 .18 16I 20 1- 161.20 .17 161 .15 LLOD Maint Category TV

11

1 6 .65 631.64 63 62 62 61 .60 60 59 .&J.58 .57 .57; .55 ,7,1x
IX2 61 .59 .56 61 .5,R 53 58 .56 54'56 55 .53.55 53 521 .51

3 57 64 .51 W. M .61 •5 52 .501 53 51 .49,,52 .50 48i 47

4 .5 .49 .4 52 .40 .461 51 .48 .45 49 .47 45148 47 44: .4j
S 1 ."e ."o ."2' %8 .4o .41 47 .44 .42' 46 43 .411 45 .3 '4*. .'%

1.45 .42 .39.45 .41 39 44 41 .38 43 40 .381.42 40 .38! .37
W 7 42 .38 .361.42 .38 .35* 41 .38 .35 40 37 .35 40 37 .3k5 .34

8 39 35 .33;.39 .35 .32' 38 35 .32: 37 34 .32t 37 .34 .321 .31 Medium distribution reflector

9 36 .32 .301.36 .32 .30: 35 .32 29 35 32 .290 34 21 .29ý 28 and concave lens

Max. S/H.-, 1.3 10 32 .28 25; 32 .28 25 31 28 25 31 27 .251 30 .27 251 .24 LDD Maint. Category V

12 Si I

1 75 .73 .7f1.73 .71 .70' 70 .69 .68'i 68 .67 .661 G6 6.5 64, .63
2 68 .65 .62' 67 .64 .62, 65 t2 60 63 61 591.61 59 .58' .57

3 63 59 .55 62 .58 4'. 57 .5358 .56.521 57 .55.521 .51
4 58 .53 5015, .53 50155 52 4954 .51 .48 53 .50 48! .47
5 53 .48 .45i 52 .48 .45 51 47 .441 50 .46 .44.49 .4 3 .42
6 44 .411.49 .44 .41 47 43 40 46 .43 .401.45 .42 .401 .39
7 .45 .40 .37 .45 .40 .371.44 40 37 *42 .39 .37 42 .39 361 .35
8 .42 .37 34' 41 .37 .34 .40 .36 .33 40 .38 .33 39 .36 .3 .33 Wide distribution reflector
9 38 .33 .301 38 .33 .301.37 .33 .30 36 32 .301.38 .32 .20 .28 1 and fiat lens

Max, S/MH,•-1.2 10 .35 .30 271.35 .30 .27/.34 .30 .27 .34 .30 .27.33 .29 .27 .21 LDD Maint. Category V

L lW foiC maximum wspacing betwea lumbilars o•n'tn to mounting (or eeilltg) beight above tib work plans. 2%. "Ltmalwkre 8peoing" am Ipa 1-1.
b ,CR - Room Cavity Rtk%

'CC - Pe mt ssetivrs edllg onvtty irsfisettea
Pw - Pw ant waHl nrflotanoa,

* l ae 9 -I, sa 9-it.
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-fWtý A,' A A'

a 80 70 51

Typice! DOi tlb~to
ornd ds 1 30 30 10 50 30 10 3C ) )5 30 10~ 10 1 "K4Lc-oroad *#~r

Maitknau. Spacing, Cofgory*

RCR•' , CoPffirjent, of Uhhizaltto foa 0 P2 . Conf (4ctive Ftw Covo t- A•i•o~e p,.

1 50 49 49, 49 41 48 48 47 ,46 46 45 45 44 44 44 43
1 48 46 45 47 45 44 45 44, 43 44 43 42 43 42 41 41
3 45 43 42 45 43 .42 44 42 4i 42 41 40 41 40 40 39
4 43 .41 39 42 40 .39 41 40 3 41 39 38 40 39 38 37
5 .41 .39 .37 40 .38 .37, 40 38 37 39 38 .36 38 37 36 36
6 .30 .37 .36 .39 .37 .36 38 .37 35 38 36 35 37 36 35 .34

7 38 36 34 38 36 .34 37 35 34 37 35 34 36 35 34 33
8 33 34 .33 .36 .34 33 36 34 33 35 34 32 35 33 32 32 Reflector downehlt with baf-
9 35 32 31 34 32 31 34 32 31 34 32 31 33 32 31 30 fles-inse fr ,roted lamp

Max. S/MH.• - 0.8 10 33 31 .29 33 31 .29 32 30 29 32 30 29 32 30 29 29 LDD Maint Category IV

14

1 62 61 60 60 60 59 58 58 57 56 56 56 55 54 54 53
2 ~ 658 75 5856 5656 55 54 54M 5335-3 526151 .51 ~k

3 56 54 53 55 .54 52.54 53 51 53 52 51' 52 51 50 .49
4 53 51 .50 53 61 .49: 52 50 495 49 .48 50 49 48 47
5 51 49 .47 4 1 .49 46 50 48 47 49 47 46 48 47 46 .45 4
56 .50 97 .47 46 .4 47 45 48 47 49 47 46 48 47 46 45
7 48 46 44 48 .46 .44 4-7 45 44 47 45 44 46 45 44 43
A 4u .44 43 46 44 42 46 44 42 -,, 43 4? 45 43 42 41 PAR-38 flood with concentric
9 45 42 41 44 42 41 44 42 40 43 42 40 43 41 40 401 louver

Max S/MH,•- 0.5 10 43 40 39 42 40 30 42 40 3P 42 40 39 41 40 39, 38 LDD Maint Categor: IV

0%
1 74 72 71 72 71 ,0 70 69 68 67 67 66 65 65 64 63
2 69 67 65 68 66 666 65 63 64 63 62 63 62 61 60
3 6W6) 61 M 656 61 64 61 60 62 60 5 6 1 5 ,58 57
4 63 60 58 62 59 57 60 58 57 59 58 56 58 57 55 55

65% 60 57 54 59 56 54 58 56 54 57 F .53 5 54 3 52
6 57 .54 52 57 54 52 56 51 52 55 53 51 5• 6 351 50
7 55 .52 50 F- 52 50 M 31 50 &3 51 4953 51 49 48
S&53 50 4S 52 50 48 52 49 47 51 49 47 51 49 47 46
9 50 47 45 .50 17 .45 49 47 45 49 47 45 48 4A 45 44 1140 ficod with r-Rector skirt

Max. 0/M I..-06 10 4 15 -13 48 15 43 47 t4 43 47 44 .42 46 44 42 42 LDD Maint. Catpgorv IV

16

GL
95 1 84 O0 77 79 76 7171 (.9' 1 7 64 62 60 57 5 54 51

2 73 CA q 8 70 66 61 &3 59 564 56 53 51 50 48 46 43
5 5315 1, W 62 .56 5I 5I 51 47 50 41 44 15 42 .40 37

4 58 51 45 55 49 44 5) 45 41 45 41 37 40 37 34 32
5 51 44 38 48 42 37 44 3q3.5 40 35 32 36 32 30 27
6 46 38 .33 44 37 32 39 34 30 36831 28 32 28 20 24
7 41 34 29 39 33 28 36 10 26 32 28 .26 29 26 23 .21
8 37 30 25 35 28 24 32 .26 23 29 24 .2J 26 22 20 18 Suspendid semi-dir'ct panel
9 33 .26 .22 31 .26 21 29 23 20 26 22 18 24 20 17 .15 fluorescent lamp

Max. S/Mitl - 1.1 10 30 24 19 .28 .23 .A8 26 21 .17 24 .19 16 22 18 15 13 LDD Maint. Cxtegory III

Ratio o( mammum spacing b-t-Tn luminaire neaten to mounting (or cedins, hp.ghl Kbovt the work plune e e L.minsl-, Spacing" on p
b RCR - Room Cavity R•tso

OCC Per cent effective eiling cavity reflectance.
dPw - Pcr rent wall reactance

'S.. pae 9-16 srd 9-17.
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COEFFICIENTS OF UTILIZATION4

9g. 9-4. Continued

T Poe t0 70 1 50 30 10 0
end Pwd4 .50 30 10 50 30 10 50 30 10150 30 10 50 30 ICI 0 TypkeI WnmlnkesandtWml*0MORlWAV 'Opecin1ve Maefnom~e Catotaory'

R Cob Cafi itc of Uti•nett for 20 Per C.M IFffectjy Floor Cavity Reflectnci, orc

1 8 .8 78 74177 .74 .71 .70 .67.656 61 .60.67 .56 .541 .51
2 .72 .67 . 3,59 . 4 .60 63 .5 .56 .5 .54 521.52 .50 .481 .5
3 .65 .69 .541 62 .57 .52,57 .53 .491 52 .49 .461.48 .45 .43 .40
4 .58 .52 .471.56 .50 .46ý.S1 .47 .43! 47 44 .401,43 .41 .38 .36
5 ý3 .47 .421.51 .45 .41 47 .42 .38.43 .39 36 40 37 .34i .32
6 .48 .42 .38 47 .41 .361.43 .38 .-35i,0 .36 33! 37 .4 .31 .29
7 .44 .38 .34 143 .37 .331.40 .3.5 .31!.37 .33 .30! 34 .31 .28! .26
8 .41 .34 .30 39 .33 .213 .32 .28: 34 .30 .271 31 28 .25' .24
9 .37 .31 .27'.36 .30 .271.34 .29 .25 31 . S7 24 29 .26 .231 .22 Prismatic square surface drum

Max. B/MH,, -1.2 10 .3 .27 .23.32 .27 .231.30 .25 .2-2 28 .24 .211 26 .22 .20 .18 LDD Maint. Category V

is

1 .70 .68 5.61 .65 .63 63 ,61 .60,.59 .57 .56% 55 .54 .53 .51
2 .63 .59 .551.61 .57 .54157 .54 .51! 52 .51 .491 50 .48 .461 .44
3 .56 .51 .471.M .50 .461.51 .47 ,44i,48 .45 .42 45 .43 .40' 39
4 .50 .45 .41 49 44 .401.46 .42 .39! 43 .40 .37 .41 .39 .36i .34
5 .45 .40 .35 .4 4 439 .351.41 .37 .341.30 .35 .32,137 .34 .361 .30
6 .41 .35 .311.39 .34 .30 37 .33 29' 35 .31 .291.3 .330 .271 .26 2-lamp prismatic wrap-
7 . .31 .27 .35 .30 .27;.34 .29 32 .28 25i30 .27 .24: .23 around. (Multiply by 1.0 for
8 33 .27 .23 .32 .27 .231.30 .26 * 29 25 .22, 27 .24 .21' .20 4-lamp if unit is twice as
9 .29 .24 .20 .29 .23 .20,27 .22 .19 .26 .22 .19'.24 .21 .18 .17 wide)

Max. S/M-IH.- 1.6 10 26 .21 .18 .26 .21 .181.24 .20 .17 23 .19 16.22 .18 .16i .*15 LDD Maint. Catego-y V

19 [

1 1 .93 .79 .751.80 .76 .731.75 .72 .69' 70 .67 .651.65 .63 .61! .59
2 .71 .6O .59 69 .63 .J8;. 64 .59 .55'.60 .56 .52'.56 .52 .4G .47
3 82 .55 .49 60 .3 .4 .50 .451.52 .47 .43 49 .45 .41ý .39
4 .55 .47 .40.53 .45 .40!49 .A3 .38.46 .41 .361.43 .39 .35, .93
5 .48 .39 .331.46 .38 .331.43 .37 .32'.40 .3.5.301.38 .33 .291 .27
6 42 .34 .29 .41 .33 .281.38 .32 .82-27i.36 .30 .226 .34 .29 .25 .23,

7 38 .30 .25.37 .29 24135.28 .23 32 .22 30 .25 ý22 2
2133.26 121 .25 .20i.29 .23 .19 .27 .22 .19 .17 Surface-mounted bare lamp

a -0 .23 .18 129 .22 .18i.28 .21 .17 .26 .20 .i6, 25 .20 .16 .14 unit
x. S/MH,- 1.5 [10 .28 .20 .16.27 .20 .161.25 .19 .151.24 .18 .15.22 .18 .141 .12 LDD Maint. Category I

1 .91 .88 .85 89 .86 .8 85M .83 811.82 .80 .78; 79 .78 .78 .740.74.70.78 .73 .69.75 .71 .67.72 .69 AS1 70 .67 .64 .6341

3 (170 .64 .58 .89 .6. .58.67 .61 .571 64 .60 .561 62 .58 .5 3
4 8.62 .55 .49.61 .r4 .41.5 .5 .41.57 .52 .481.55 .51 .47 .45
5 .54 .47 .411.W .46 .41 51 .45 .40!.50 .44 .40.4. .43 .39 .38
6 1.8 .41 .35.8 .40 .351 46 .39 .35.45 .39 .34.43 .38 .34 .321.43 .36 .30 .43 .35 .30.41 .35 30 40 .34 .30 .39 .34 .29 .28 Poremhin-enameled venti-

8 .39 .31 .26 .38 231 .26 .37 30 26136 .30 .25 .36 .29 .25 .24 fated standard dome with
g M .27 .2?1.U .27 .22 .33 .27 .22!.32 .26 .22 .31 2 .22 .20 incandescent lamp

Mux. B/MH.,- 13 10 .31 .24 .191.31 .24 .19.30 .24 .191.29 23 .19.28 123 .19 :18 LDD Maint. Category III

Ramo ot ma•imum spadaig betwes. Iumaaiaro esates to mo~mthg (or emhng) Wsht boeve thi work plea. 8.,. "Lumi•,1r pSpBig" on pa p'-I.
b RCR - Room Cavity R&Io.

0__ ?W no t coccUu" asilag Cavty rses~an",

I pPm *-l And ,-17.
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9-10 LIGHTING CALCULATIONS

Fig. 9-4. Continued

lso 70 50o 30 10 0 0Typial Dstrl~a- Typk~al L.umtlairs and Lunateir.• o o • - .- 1 - - ! o .0, o
and pwd 50 30 10 50 30 10 50 30 10 50 30 10 150 3 10 0 T l nal te

Maxlmum Spadno" - _ _ - (.., -1 1 Malntrianco C.e.ory.

RCRb II CorR':lents of Utilization for 20 Per Ce-r Effedive Floor Cavity Reflectance, prc

21-i
1 .78 .77 .74 76 .75 .731 74 .72 .71.71 .70 .68.. 67 .66 .65 1

2 1.72 .68 .66.71 .67 .65 .68 .66 .63- 65 .64 .62.64 .62 .61', .59

S.66 .62 .59165 .61 .58i.63 .61 .57.61 .59 .*6.6 .67 .5 .54
4 60 .56 .52: 59 .65 .52.58 .54 .51 .56 .53 .511.65 .63 .501 .49

5 .55 .59 471.54 .50 .46 .53 .49 ,461.52 .48 .46 .51 .48 .45' .44
6 1 .45 .42.50 45 .42J.49 .45 .41 .48 .4 .41 .47 .43 141 .40
7 .46 .41 .371 46 .41 .371.45 .40 .37' 44 .40 .371.43 .39 .361 .35
8 42 .37 .331.42 .37 .33 .41 .36 .33 40 .38 .33.39 35 .M3 ,31 Enclosed reflector with In-

.39 .33 .30i 38 .33 .301.37 .33 .30.37 .32 .29 .36 32 .29 28 candescent lamp

Max. S/3H, .- 1.5 10 .33 .28 .25 33 .28 .25i.32 .28 .25 .32 .28 .24 31 .27 .241 .23 LDD Maint. Category V

22 II-
S75 .73 71'.74 .72 .70 .71 .69 .681.68 67 66 .65 64 .62

2 68 .64 .61 67 .63 .611.64 .62 .591 62 .60 .581.60 .58 57' .55
3 62 .57 .54'.60 .56 .53:,.59 .55 .521 57 .54 51155 53 .50i .49
4 5J 52 47 55 .51 .471 53 .49 .46' 52 .48 .45 .50 .47 45i .44

5 50 45 .411.49 .44 .41 .48 .44 40.47 .43 .40 46 .42 .40 .38
6 1.45 .40 361 45 .40 .361.43 .39 .361.42 .38 .651.41 .38 351 .34 Medium distribution, venti-

.3 .2:4 .5 324 .3 313 .3as re-.31.36 .32i.40 .35 .32.40 .35 31 2 39 .31 .32 .31 .31' .30 lated aluminum o: glass re-

8 .37 .32 .281 37 .32 .28!.36 .31 28 35 31 .281.34 .30 .28i .26 flector with improved-color
9 .33 .2 2 3 .28 41!.32 28 413 .272!31.27 .24' .23 mercury lamp

Max, 8/74H.,- 1.2 10 30 .25 .222' 30 .25 .22'.29 .25 221,29 .25 .221.28 .24 .21: .20 LDD Maint. Category II

23
I ' I i

1,89 .87 .85:.87 .85 .82 .818.81 .80 .791.78 .77 .77! .75

2 2 .778 .761.78 .76 .74'.76 .74 .72' 74 .72 .711 .69 A
3 76 .72 .691.75 .71 .691.73 .70 .671 71 .69 .661 69 .67 .651 .64
4 1.71 .66 63, 70 .66 .621.68 .65 .621.67 .64 .611.65 .62 .60! .59
5 ,66 .61 .571 65S .60 .571.63 .59 .56'.,62 .59 .561 61 .58 ".55 .54 400W 1000W

6 ,61 .56 .531.61 .56 .531.60 .55 .521.59 .55 .521.57 .54 .52 .50 Narrow distribution, venti-

7 .57 52 .481.56 .52 .48.M5 .51 .48,.54 .50 .481.54 .50 .47; .46 lated aluminum or glass re
8 153 A48 441.52 A47 .441.51 .47 .44:.51 .47 .44j.50 .46 .431 .42 Rfctor with clear mercury

S9 '45 .43 .401 48 43 .401.47 43 .40.47 .42 .40j. 46 .42 391 .38 lamp
Max. S/MH, - 0.6 10 45 .40) .37i.45 .40 .37 44 .39 .36 43 .39 .361.43 .39 .36 .35 LDD Maint. Category III

24 ii .70¶ 68 .67 .6.6 .8 6'6

1 .81 ,79 .77 .77 .76 .741 73 .71 66!.63 .63 .62i 602 !.74 .71 .68'.72 .69 .66 67 .65 .631 63 S2 .616 .6 .557,.
3 68 .64 .61.66 63 .59.63 .60 .57.59 .57 .651.58 .64 .521 .51

4 63 .58 .54.61 .57 .53ý 58 .54 51.55 .52 .491.52 .50 48' .4
S5 .57 .52 .491.56 ,61 .48&53 .49 .47!.51 .47 .451.48 .46 .431 42

S&3 .48 .4A!.52 .47 .43.49 45 .421.47 .43 .411.45 .42 .40; .38 Wide distribution, ventilated

7 '48 .43 .40 47 .42 .391.45 .41 .38' 43 .40 .371.41 .38 .361 35 aluminum or glass reflee-

' 8 .44 .39 .361.43 .38 .391.41 .37 .341 40 . 331.38 35 .32 31 tor with improved

9 .41 .359 .32140 ,35 .311.38 .34 .311.36 .3 3.5.2.29 .28 mercury lamp
Max. S/M71H.H 4 , 10 1.35 .30 .271.35 .30 .261.33 .29 .261.32 .28 .251.30 .27 .•4 .23 LDD Maint. Category III

PAtio of maximm irpsanh betvia lumialre eemiin to maounU (or eeiUn) belgt above the work pluis. 8w "Lumlamie Spad*a" am po 9S-&
6 RCR - Room Cavity Ratio.

P - Per omt ff"etiv ealum e6ty rwee6ae
dw - PS amt wall rTd6eae.

* &e • 9-lB ad 1-I?.
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C'OEFFICIENTS OF UTILIZATION

Fig. 9-4. Continued

o0 70 50 30 10 0

sow 50 30 15030 10150 30105 30 10 50 30 10 0 My; uakinam, MW C vokwivy

RCtb Coeffkdeif of Utization for 20 fer Cent Effective Moor Cavity Reflectance, Pvc

10% 1 .87 .84 .81184 .81 .781.79 .76 .74 .74 .72 .70.,69 .68 .66 .64
2 .76 .71 .66.74 .69 .651.69 .65 .62 6 62 .59.61 .58 .56 .54

.67 .61 .56 .65 .50 .',5.61 .56 .52 58 54 .5.54.51 .48 .46
4 .50 .52 .47 .68 .61 .46 .5 .40 .441.51 .4 .43.48 .45 .41 .30

5I 5 4 3 6 4 .39,4 .42 .38' 45 40 .36J.43 .38 .351 .33
6 .47 .39 .34.45 .38 .33 .43 .37 .321.40 .35 311.38 .34 .30 .29

.42 .4 .29 .40 .33 .29 .38 32 .28' 36 31 .27 34 .30 .26 .24 3-lamp porcelain-ename'ed in-

8 .37 .30 .251 .3 .29 .25.34 .28 .24: 32 27 .23 .31 .26 .-2 .21 dustrial with 13* cr .swise
.33 .26 .21 .32 .26 .21 .31 .25 20 29 24 20i.28 .23 .190 .18 shielding

Msz. S/MH,- 1.3 10 .3 0 .23 .19,.2 .23 .181.28 .22 .18i.26 21 .17'.25 .20 .17 .15 LDD Maint. Category III

82.79. 77...

1I .86 .83 .80. 68 .79 .77.75 .72 .70'.68 .66 .65 .62 .61 .60 .57
2 .7 .71 .671.73 .8 .65.6 .63 .60.61 58 .561. 5 . 4 .52 .49
3 .62 .571.65 .60 .56.60 .56 .52i.55 .52 491.50 .48 .46 .43
4 .61 .64 .491.68 .52 .48.54 .49 .45!.49 46 421.46 .42 .401 .38
5 .47 .421.52 .46 .41 .48 .43 39 44 .40 374.41 .37 .35 .33
6 .49 .42 .37.47 .40 .361.43 .38 .34 40 .36 .321.37 .33 .30 .29
7 .44 .37 .321.42 .36 .31' 39 .34 .30' 36 32 .28,.34 .30 .27i .25 2-lamp porcelain-enameled in-
8 1.39 .32 .28 .38 .31 .27,.35 .30 .26, 32 .28 .25 30 .26 .23 .2211 dustrial with 350 crosswise
9 1"35 .29 .24 .34 .28 .231.31 .26 .22 29 25 .211 27 .23 .20 .18 sh.elding

Max.S/MH.,- 1.3 10 .32 .26 .21.31 .25 .211.29 .23 .20 27 .22 .19].25 .21 .18 .16 LDD Maint. Category II

1 .7 .72.711-71 .69 .68!. 65 .64 .621.59 .58 .57 .54 ..5,3 .521 .50
2 .67 .64 .611.64 .61 .591.59 56 .54 .54 .52 .50 .49 .47 .46 .44
3 .61 .56 .53 .58 .54 .511.53 .50 .48' 49 46 .44 44 .42 .41 .39
4 .5 .50 .46-53 .48 .451.48 .45 42 44 41 .391.40 .38 .36 34
S.5 .44 .40!.48 .43 .•.•44 .40 .37 40 .37 .34'.37 .34 .32 .306 1.45 .39 .36'.43 .38 .35.40 .36 32 36 .33 .30 .33 .30 28 .27

7 1.41 .35 .31.39 .34 .30,.36 .32 .29 .33 .29 .27, 30 27 25! .24 2-lamp porcelain-enameled in-
8 37 .31 .27.36 .30 .271.33 .28 .25 30 .26 .24 .27 24 .221 .21 dustri.•l with 350 crosswise
9 .33 28 241.32 .27 .23 30 .25 .22 27 .23 .21 25 .22 .191 .18 and lengthwise shielding

Max. B/MH,,- 1.3 10 1.30 .25 .211.29 .24 .21127 23 .206 25 .21 .181.23 .20 .171 .16 LDD Maint. Category II

1.84 .83 .791 80 .78 .76.74 .73 ,71; 69 .68 6 64 .63 621 .60 '12 1.75 .71 .68 .72 .69 661.67 .65 , 621 63 .60 59 .58 57 .551 .53
3 .68 .62 .5 8 6 5  61 .57 .61 .57 .54 57 .54 .51 .53 .51 .4 7

4 .61 .55 .51, 59 .54 .50 55 .51 .47 .51 48 .45 .48 .45 .43 .41
4n 55 .48 .44 53 .47 .43 .50 .45 .41 46 .43 .40 .44 .40 .-38 .36

56 1.49 .43 .381.47 .42 .381 45 .40 .361.42 .38 .35 .39 .36 .33 .32
7 .44 .38 .34j.43 .37 .331.40 35 .321 38 .34 .30 .36 .32 .2 .28
8 .39 .33 .29 .38 .32 .281.36 .31 .271.34 .30 .28 .32 .28 .25 .24 2-lamp aluminum industrial
Max. 8/MH.. 5.3 .35 .30 .253.34 .29 . , .21[2 . .23526 .22 .21 with35 crosswiseshielding

Ma~x.8/MH.•- 1.5 10 .32 .26 .221.31 .25 .22j.29 .24 .21 .28 .23 .20 .26 .22 .1 18 LDD Maint. Category II

s&W o oazi•irum spcit betwea lurmlmjr, emtrs to moustla (or riliag) hb1ht abM tb *ortk vim& Rs "LuaaMh ft6dme'aft passp $.-M
SCR - Room Cavity laiUo.

6 PW slat eowe•x 8"M cavity re.aala
4 OW -- Mt wall MtImAse

,s eeV am 9-I sad 9-1.
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LIGHTING CALCULATIONS

Fig. 9-4. Continued

so J 70 50 30 10 of
Typical Dhtribvt.on ypical Luminaies and _ _ _ ___ _

o1 o 4
-i 50 30 10 150 30 10 50 30 10 50 30 10o50 30 10 0 Moain.•.en°and .Cfle

Maximumn Spacing' I- ___"______ _____ ________ I ManeaIeCtgr

M p d R- Coefficients of Utilization for 20 Par Cats Effective Floor Cavity Reflectance. prc I

29

1 66 64 62 64 .62 .601.58 .57 .55,.&3 .52 .511.49 .48 .47 .45
2 60 .56 .54 57 54 .521.53 .50 .48, 49 .47 .45 45 .43 .42 .40
3 .54 .50 .461 52 48 .45 .48 .45 42 44 .42 .401 41 .39 .37 .36
4 .49 .44 .411 47 .43 .401.44 .40 .3 81.40 .38 .351,38 .35 .34 .32
5 44 .39 .35 .42 .38 .351.39 .36 .331 37 .34 .311 34 .32 .30 .28
6 .40 35 .31 .38 .34 .311.36 .32 .29 .33 .30 .281 31 .29 .27 .25
7 36 31 .28!.35 .30 .27' 33 .29 .26,.30 .27 .25; 28 .26 .241 .22 2-lamp aluminum industrial
8 1 33 .28 241 31 .27 .24 29 .26 23; 28 24 22' 26 .23 .21 .20 with 35* crosswise and
9 29 .25 .211.28 .24 .21,.27 23 .20 25 .21 .191.23 20 .18 .17 lengthwise shielding

Max. S/MHNf - 1.5 10 27 22 .19,.26 .21 .18 24 .20 .18; 23 .19 171 21 18 .161 .15 LDT) Maint. Category II

30 .

1 .70,68.6565 63 .61 55 .53 .52.45 .45 44 . 36.36 .32
2 62 .58 55.58 .54 .51'49 .47 44 41 .39 1 .33 .32
S56 50 .47 52 .47 44!.44 .41 .38 37 .35 .33130 29 .28.25

4 49 .44 .401 46 .41 381 40 .36 .33 33 .31 .29i.28 .26 .25i .22
%5 44 .39 .35 .41 36 33.36 32 29 30 .27 .251.25 .23 .221 .20
6 40 .34 .30.37 .32 .29 32 .28 .25 27 .24 .221.23 .21 .19 .17

7 .36 30 .26 .!4 .28 .25 29 .25 .22 25 .22 .19.21 19 .17 .151
8 1.33 .27 .231 30 .25 .22 26 22 20 22 20 .17 .19 .16 .15 .13 2-lamp prismatic lens bottom

9 I 29 .24 .20! 27 .22 .191 24 '20 .17 20 .17 .151 17 .15 .131 .11 unit with open top
Max. S/MH.,- 1.2 10 1.27 21 .18' 25 .20 .17 22 18 15 19 .15 .131.16 .13 .121 .11 LDD Maint. Category VI

31 9
1 .76 .73 73 70 .681.62 60 58 51 50 .442 .41 .40 .36

(51 2 .70 .65 .61i.65 61 .57, 55 ."2 50 46 .44 .42.38 .36 .35 .32

3 62 .56 .52,58 .53 .491 49 46 43 41 .9 313 .3 .31 .28
4 .55 .49 .4451 .46 .421 44 40 37 37 34 32 31 29 27i 24
S49 43 .381 46 .40 361 40 35 32 34 30 27, 28 .25 24 .21
6 .44 .38 .3r, 41 .35 .31' 36 31 28 30 .27 .24' 25 .23 .211 .19

7 40 .34 .29; 37 .31 .27; 32 28 24 27 24 .21' 23 20 .191 .18 Direct-indirect with metal or
8 35 .29 .251.33 .27 .24, 29 21 .21 24 21 18.20 .18 .16. .14 dense diffusing sides and
9 32 .25 .21 .30 .24 201 26 21 18 22 19 16 19 .16 .141 12 350 x 45' louver shielding

Max. 8/MH., -1.3 10 30 .23 .191 28 22 .19 24 20 .16 20 17 14' 17 .14 .12; .12 LDD Maint. Category 11

1 70 .67 64 61 52 51 501 42 41 .401 32 32 .311 .27
2I 262 .58 157 53 .50:47 45 42,38.36 351.29029.28.24
3 55 .50 45 46 3 42 39 37 34 32 .301 27 26 25 21

.49 44 0!45 40 37 38 35 32 31 29 .27 25 .222
5 44 .38 .341 40 36 .321 34 30 281 28 25 24.22 20 191 17
6 40 .34 .301.37 .32 .28i.31 27 25, 25 23 .211.20 .19 .171 .15
7 .36 30 .261 33 .28 251.28 24 22 23 20 .18.19 .17 .15 .14 Direct-indirect with metal or
8 32 .27 .231 3') .25 .22 26 .22 19 21 19 .17 17 .15 .141 .12 dense diffusing sides and
9 .29 .24 .201.27 ,22 .19.23 19 17ý 19 .16 .15 .16 .14 .12 .11 45' louver shielding

Max. S/MH.p - 1 5 10 .27 .22 .18! 25 .20 .17 21 18 15! 18 15 .13 .14 .12 .11 .10 LDD Maint. Category I1

'Ratio of maximum apacing betwen luminaire tentern to mointing (Or ordiin) hetght abr•re the work pla.. &,e "LumMaire Spacing" ou po 0-IL
b RCR - Room Cavity Ratio.
€ -C, Per Cent effetve Willhnge cvity reflctamn"
4*w- Par cant wall reflectan.
SSe pam 11-16 and -1i?



COEFFICIENTS OF UTILIZATION

Fig. 9-4. Continued

0o 70 50 30 10 0

,-d -.wd o50 30 10 50 30 10150 30 10150 30 10150 30 01 0 T0,.3k-ibonanc Ctigoilsm
#40"am~ SP . . . . . . .. . . ... I .. .. . . e M ao s Categoy

lab C0OWOMfId of Utlatflon for 20 Por Ce9, Effctlv'o Naar Cavity KeRRtoance, pre

1 54 .52 .51 .53 .51 .50 .51 50 48 .49 48 .471 47 .46 .46 .47
2 .49 .46 .44.48 .45 .431.46 .44 42.45 43 .41!.43 .42 .40 .40
3 .44 .41 .38].43 .40 ".38.42 .39 .37 41 .39 .371.39 .38 .36 .35
4 .40 .37 .34.39 .36 .341.38 35 .33 .37 .35 .331.36 .34 .32j .31

.36 .32 .30o.36 .32 .30.35 .32 .291.34 .31 .29'.33 31 .29 .28

.33 .29 .27 .33 .29 .271.32 29 .26.31 28 .26130 28 .26 25

8 .28 .24 .21 .27 .24 .21 .27 .24 .21 .26 23 .211.20 .23 .21 .20 Unit 032 with top plate. or
9 .25 .22 .19 .25 .21 .19 .24 21 21 .19.23 .21 .19 .18 suraee-mounted

Max. 8/MH., 1.2 10 .23 .20 .17'.23 .19 .17.22 .19 .17 .22 19 .17.22 .19 .17t .18 LDD Maint. Category IV

1 .79 .75 .70 .73 .69 .65.61 .58 .565.50 47 .456.40 .38 .36 .31
2 .67 .60 .55.62 .56 .501.51 47 .421.41 .30 .28
3 .58 .50 .442.53 .46 .40.44 .38 ."34 35 31 27 .25.24 .21 .18

.580 .42 .36.46 .39 .33.38 33 .281.31 27 .2 .21 .18 .15
5 .44 .36 .30.40 33 .28.34 .28 .231 27 22 .19,.21 18 .15 .12
6 .39 .31 .25.36 .29 .23.30 .24 .20' 24 19 .16 in, 15 .12 .10
7 .35 .27 .21 .32 .25 .20.27 21 .17.21 17 .141 17 13 .10 .08

8 31 .24 .18 29 .22 .17 .24 .18 .14;. 19 .15 11 15 12 09j 07 jIncandes'cent pendant diffus-
9 .28 .21 .16 .26 .19 .15!.21 16 121.17 .13 101 13 10 .071 .06 ing sphere

Max. /MH., 1.5 10 .25 .18 .14 23 .17 .13 .19 14 10! 16 11 .A8! 12 .09 .06W .05 LDD Maint.'Category V

68 55 .62' 59 .42 41 39i 26 211 .26 12 .12 .121 .06
2 IM 5 51.5148 44'3735 321.23 .2-2 21 11 .11 10 .05

3 .52 .46 42 .45 .40 .371 32 21 27 20 19 .181 10 00 09 .04
4 1.46 .40 35,.40 35 .31 28 25 23i.18 16 .15 M 08 .071 .04
5 .40 .34 .301 35 .30 .26,.25 22 20- 16 14 .13 08 .07 .061 .03
6 .36 .30 .26.31 .27 .23 .22 20 17 15 13 .11 .08 06 03

7 .32 .20 .221 28 .23 .191.20 17 14 13 11 09i.06 .05 .051 03
8 .29 .23 .19 25 .20 .171 18 .15 13t 12 10 08 06 05 .04, .02 Luminous direct unit for
9 .26 .qO .17 .23 .18 .15 .17 13 11 10 09 .071 05 .04 .04, .02 extra-high-output lamps

Max. 8/CH, - 1.5 10 .24 .18 .15' 21 ,16 .13 .15 12 10' 10 08 .061 05 04 .03i .02 LI)1) Maint. Category 11

1 .72 .69 .661.62 59 .57 .42 .41 40 25 24 24 00 09 .08 01
"2 '.63 .58 .541.54 .50 .47j.37 .35 3,3; 22 21 20i.08 .07 .071 01

3 . 45 .g .451.47 .42 3933 30 -271.19 18 .1'.07 .W W 01
4 .48 .42 .371.42 .37 .33 .29 W) 23 17 16 14.06 06 .05 01
5 43 .36 .321.37 .32 .28 26 22 20.15 14 12 06 .05 .051 01

16 38 .32 .271.33 .28 .241.23 .10 .171 14 12 .101 (15 .04 W-U"T
7 .34 .28 .231.29 .24 .201.20 .17 .15 12 10 0•1 04 .04 .036 .01

8 .24 .206.26 .21 .181.18 .15 .13 11 09 .061.0t 03 .031 .00 Concentric ring, silvered-
28 .22 .18.14 .19 .151.17 13 .11L10 08 .071.04 .03 .021 .uO, bwl indirect

ax.8/CH, 1.5 10 .25 .19 .13 21 .17 .13115 .12 .09 099.07 .06.03 .02 .021 .00 LDD Maint. Category I!

R atio of masimum apebam betum lumlnthwin evre to mounfti4 (or oeilsW height abo•w the work place. Sa "almtinhe 6Spada" cm p. $-441.
bRCR - Room Ca-ity a•tAU.

PW Per met effective ae"" evity r tefiaafe.
w- Per 6m1 4Wel reeive".

"Ien pw 1-4i ad 6- 1i
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LIGHTING CALCULATVONS

Fig. 9-4. Continued
o I 70 50 30 0 0

Typk80l D- ibuto • Typical LUmlnairs and Lumlnakh
T~ald DPlrbtli 30 __#50 30 0 50 30 10 05ontnnc 0tgr

a•c 1-- s0 30 10 50 30 101.010 0 Ma10,enaneCoteg
M-asitmu Spacin -I -

CRb Coef.lenth of Ulfftzofio for 20 Per Cent Effective Hoar Cavity RefIctcnc*, pro

37

1 .42 .40 .39 .36 .35 .331.25 .24 .23' Coves are not recommended
2 .37 ,34 .32' 32 .29 .27_22 .20 .19' for lighting areas having
3 .32 .29 .26 28 .25 .23 .19 .17 .16 low reflectances. Fluorescent cove without re-
4 .29 .25 .22 .25 .22 .191.17 .15 .13, flector. These values apply
5 .25 .21 .18'.?? 19 .161.15 .13 .11' to coves employing a single

6 .23 .19 .16 .20 .18 .14'.14 .12 .10 row of fluorescent lamps. If

7 .20 .17 .14 17 .14 .12'.12 .10 0Y; two rows are used multiply
8 .18 .15 .12.16 113 .10.11 .09 .08 CU's by0.93. For three rows

See discussion of 9 .17 .13 .10.1.5 .11 .09 .10 .08 .07, multiply by 0.85.
covesonpage 9-21. 10 .15 .12 .09 .13 .10 .08.09 .07 .06 LDD Maint. Category VI

38 S' i
1 .60 .58 .56 58 .56 .5.41I
2 .53 .49 45. 51 .47 .43. q

3 47 .37.45 .41 X.
4 1.41 .3G .32A39 .35 .31
5 .37 .31 .27ý 35 .30 .26
6 1.33 .27 .23'.31 .26 .23
7 ,.29 24 .20 28 23 .20

See discussion of dif- 8 1.26 .21 .18 .25 20 .17, Diffusing plastic or glass en-
fusing ceilings on 9 1.23 19 .15 23 .18 .15, tended area system
page 9-18. 10 .21 .17 .13 21 .16 .13.1 LDI) Maint. Category VI

39 -

1 171 .68 .66' 67 .66 .65 65 .61 .62'

2 1.63 .60 .57 .61 .58 55&,59 .56 .541
3 1.57 .53 .49'.55 .52 .48 54 .50 .471
4 -.52 .47 .43 .50 .45 .12 48 .44 .42
5 .46 .41 .37,.44 .40 .37 .43 .4-. .36,
6 .42 .37 .33.41 36 .32 .40 .35 .32!
7 1.38 .32 29.37 .31 .2S 36 .31 .28

See discussion of 8 1.34 .28 .25' 33 28 .25 32 .28 .251 1 Prismatic plastic or glass en-
prismatic ceilings 9 1I30 .25 .22 30 .25 .21 .'29 .25 .211 tended area system
on page 9-18. 10 127 .23 .191 27 .22 .' 26 .22 .19 LDD Maint. Category VI

.51 .49 .48' .47 .46 .45

2 .46 .44 .42' .43 .42 .40

3 42 .39 .37 .39 .38 .36

4 .38 .35 .3 M,.36 .34 .32
5 .35 .32 .29 33 .31 .29
6'1.32 .29 .26 .30 .28 .26
7 .29 .26 .23 .28 .25 .23

See discussion of 8 .27 .23 .21 .26 .23 .21 Louvered extended aru uyu
louvered ceilings 9 .24 .21 .Ig 24 21 .19 tern
on page 9-20. 10 .22 .19 .17 .22 .19 .17 LDD Maint. Category Ir

a Ratio of maximum apecina betwern lumialire tmien to mnountim (o miliag) height above the work plawe. 8e "LumiaAire Spatia"' oa pw 9-1.
h RCR - Room Cavity Ratio.
P - Per cent effective UWlig eavty refeetaaee.
orw - Per met wall ref•letame.Soe PA 9-14 and 9-It.



LUMEN METHOD

Fig. 9-5. Factors for Effective Floor Cavity Reflectance. Other Then 20 Per Cent

For 30 per cent effctive floor cavity relectance, multiply by appropriate factor below.
For 10 per cent effective floor cavity reflectance, divid, by appropriate factor below.

hw Coo eiEcmv co" C"" 80 70 50 10Ikehedcte, P

?w cow WgN e2sdetam".Pw 50 30 10 50 30 10 50 30 10 50 30 10

2.m COVOy left
1 1.08 1.08 1.07 1.07 1 06 1.K; 1.05 1.04 1.04 1.01 1.01 1.01
2 1.07 .1.06 1.05 1.06 1 05 1.04 1.04 1.03 1.03 1.01 1.01 1.01
3 1.06 1.04 1.03 1.06 4.ui 1.C3 1.03 1 03 1.02 i.61 n 1.61•,.!
4 1.06 1.03 1.02 1.04 1.03 1.02 I 1.03 1.02 1.02 1.01 1.01 1.00
5 1.04 1.03'1.02 1.03 1.02 1.02 1.02 1.02 1.01 1.01 1.01 1.00
6 1.03 1.02) 1.01 1.03 1 02 1.01 1.02 1.02 1.01 1 01 1.01 1.00
7 1.03 1.02 1.01 1.03 1 02 1.01 1.02 1.01 1.01 1.01 1.01 1.00
8 1.03 1.02 1.01 1.02 1 02 1.01 1.02 1.01 1.01 1.01 1.01 1.00
9 1.02 1.01 1.01 1.02 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1.00

10 1.02 1.01 1.01 1.02 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1 00
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LIGHTING CALCULATIONS

Fig. 9-6. Lamp Lumen Depreciation (LLD)

(!'r cent of initial lumens produced at
70 per cent of 1fe1l

Lamp Deowipion LLD Facoor

General service to 150 W 91
250 to 500 WV 90

750 to 1500 W 86
Silver-bowl 200 to 500 W 75
Reflector R40 86

R52 and R57 8!
Projector PAR 38 to 64 84

Mercury

H139-22 KB 175 W 85
H39-22 KC/C 175 W 83
H39-22 KC/W 175 W 75
H37-5 KB 25O W
H37.5 KC/C 250 W 6.

H37.5 KC/W 250 W 73
H33-1 CD 400 W 86
H33-1 GL/C 400 W 83
H33-1 GLW 400 W 74
H36-15 GV 1000 W 1 77
H36-15 GW/C 1000 W 72
H36-15 GW/W 1000 W 61

Hours per Start
MPore'•cnt

6 12 18

Instant start 425 ma
Standard colors" 88 87 85
Improved-color types` 82 80 78

Rapid start 430 ma
Standard colors" 87 86 85
Improved-color types` 81 80 79

Rapid start 800 ma
Standard colors'* 81 79 77

Rapid start 1500 ma
Tubular" 76 74 72
Others" 70 68 64

* Factonr shown afre &vsof. for pVoug of lampe at design onditiom and
should be wmmpewated to reflect oreratloas in the Wid. Improcmeuwat in
Jamp dWen sre being made so rapdl7 that It l Imrortazt, for ,uracy, to
eoeumlt the mrauaKtrer'e up-to-dat. ,statiatJ for the paincular lamp m•-
adwerd.

*1 Coal white, warm white, white. daylight.
* Wul•'e ownn while and Wluas warm white.
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LUMEN METHOD

CATEGORY I CATEGORY 11

15% 01 NMOR
SE MI DIRECT IF SURFACE MOUNTED ADD 5% UPLIGHT - OPEN

SEMI DIRECT kLUED
FREE LAMPS LRELUE
STRIP MR

SARE YAMPS

- -1* -?'r- PL 0TE

I MOUNTED AND

'7 30 2.7 3 3639 42AS 48 51 3437 60 0 36 9 12 S19 821 2 27..033 3639 424548S 51 5437 60
MONTHS MONTHS

CATEGORY III CATEGORY IV

SIMI DIRECT IF SURFACE MOUNTED ADD 3% LESS THAN 15% DIRECT
UPI.IGHT -OPEN ,~ ~~-w~ CLOSED TOP RECESWO

SOR LOUVIERED ¶%* ~~ SURFACE SUSPENtDErTI LOUVER LESS OPEN LOUVERED
I THAN 1INCH LIGHTED CEILING LOLIVERED

10

1 038 9 12 1351 21 2427 30 33 6 39 42 434 51 5453760 0 3 691215 IS 2124 7730 3336 3942 45 4e51 5457 60

4: AIONTHS MONTHS

CATEGORY V CATEGORY V1
15% ORt MORE TOTALLY DIRECT

UIhT DIRECT ~--...~--- TOTALLY INDIRECT
ADO g SEMI DIRECT Iwuu EIDIRECT

-~J- ~ ~j -~ ENCLOSED RECESSID C ~/ I~ EO CLINCS,
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LIGHTING CALCULATIONS

Fig. 9--. Five Degrees of Dirt Conditions

Very Goan Clean Mjdk DVrty V.ny D• y

Generated Dirt None Very little Noticeable but not Accumulates rap- Constantaccumula-
heavy idly tion

Ambient Dirt None (or none en- Some (almost Some enters area Large amount en- Almost none ex-
ters area) none enters) ters area cluded

Removal or Fil- Excellent Better than aver- Poorer than aver- Only fans or blow- None
tration age age ers if any

Adhesion None 8:ight Enough to be visi- High-probably HighN ble after some due to oil, hu-

months midity, or static

Examples I High grade offices, Offices in u'ltr Mill offices; paper Heat treating; Similar to Dirty
not near produc- buildings or near processing; light high speed print- but luminaires
tion; laborato- production; light machining ing; rubber pros- within immediate
ries; clean rooms assembly; in- eaing area of contaim-

spection ingtion

71



LIGHTING CALCULATIONS

Fig. 9-34. Wall and Ceiling Cavity Luminance Coefficients for Various Luminaire Distributo-ns

60 I 70 50 30 f 10

6 pim m*" pwR 0 30 10 50 30 10 50 30 10 50 30 10150 30 10

Co efthdn for 20 Per Cent EfwdY Poer Cavity Iefldctnce

WAll 1 .12 .067 .021 .11 .065 .021 .11 .062 020 .010 .059 019 .096 055 .018
2 .12 .063 .019 .Ai 062 019 11 .059 018 .010 .057 018 .098 055 .017
3 .11 .058 .017 .11 057 .0171 10 055 017 .097 053 016 093 .051 016
4 .10 .054 .016 .10 .05 016 097 052 015 .093 .050 015 090 .049 .015

.5 099 .050 .015 097 050 015 .093 049 014 088 .048 014 .087 048 .014
6 .094 .047 .014 093 .047 013 .089 .046 013 086 045 .013 .083 044 313
7 .089 .044 ,012 .088 0*4 012 08 .043 012 082 042 012 .079 .041 012
8 .085 .042 012 084 041 0!2 081 041 012 079 040 .011 078 039 011
9 .082 .040 011 081 039 011 078 039 Oil 076 038 .0111 074 .037 011

10 .078 .037 010 077 037 010 075 037 010 .073 036 0101 071 036 010

Ceiling 1 .088 078 070 075 067 060 051 .046 042 29 027 024 009 009 .008

o 2 .082 066 053 070 057 046 048 039 032 028 023 01 009 007 006
3 .077 .057 041 o06 043 028 045 .03 020 026 021 01O5 W 007 004

7 4 .73 .057 032 0 043 028 043 030 025 026 00 .012 00-8, 007 004
"" 5 .070 045 026 .u 039 023 .041 .027 016 .024 016 009 008 005 003

. 6 .067 040 021 .058 035 019 .040 .025 .015 .023 014 008 007 005 003
t. 7 064 037 018 ý055 032 0!6 .038 022 011 .023 013 007 007 004 002
.8 .061 034 015 053 .030 013 .037 .021 .009 .021 012 006 007 004 002

9 059 032 .0!3 051 .028 Ol .035 .019 008 021 011 001 .007 034 .002
to 057 030 Oil 049 026 010 .034 .018 007 .020 Oil 004 ,007 004 .001

•Per emt evr•luv* ceiling cavity refleetamw

* Room Cavity Ratio.
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LUM ;".'- CE CALC'AATION$

Fig. 9-34. Continved

80 70 50 30 10

LMQOei Coem- IType dM ipw"-' 50 30 I0 50 30 1 • 50 30 10 50 30 10 50 30 10

9CI" Cosfiksemls foi 20 for Cent Effective Floi,, Cavity Refectaor,,:

Wall I 15 086 027 13 0(75 024 (0K2 05. 017 058 034 OIl (25 015 00.5

2 14 077 024 12 067 020 087 048 015 M55 031 009 025 -14 004

3 13 069 0(21 I 1 060 018 OW- 043 013 051 028 009 0Yt3 013 004

4 12 063 018 10 055 016 076 040 012 V48 026 00h 0'22 01 004

5 11 058 017 099 051 015 071 037 011 046 024 007 021 011 003
6 6 10 052 015 I 091 404i 013 066 034 -)16 042 022 (W0 019 010 I03If I

"97 09 049 014 I 08f 043 012 062 031 (X? (140 020 006 019 010 003

8 093 045 013 OS1 040 01 059 029 0X0A 03.8 019 006 18 O 009 003

I 9 087 042 012 076 037 010 055 027 008 03.6 018 005 017 009 003

o0 082 040 011 072 035 010 05.3 026 00?7 0M34 017 005 017 0X08 (002

C'2ngj 1 52 50 49 44 43 431 30 30 29 17 17 055 055 055
2 51 50 48 44 43 41 30 29 208 1 7 17 055 05.5 055

3 51 49 47 44 42 40 30 29 28 17 U 17 055 05.5 0.54

4 51 48 46 44 41 40 30 29 28 17 17 17 055 W0.54 4

5 50 48 46 43 41 3,) 30 29 28 17 17 17 055 054 0.54

6 50 47 45 43 41 39) 30 29 28 17 17 16 055 054 054

7 50 47 45 43 41 39 30 28 28 17 i7 16 055 0WA ()54
8 49 47 44 43 40 31. 24l 28 27 17 17 16 055 054 0q

I 49 46 44 42 40 3(0 29 28 27 17 I , 16 055 054 954

10 49 46 44 42 40 311 2 S) 28 27 17 17 11 05.5 054 054

Wall 3 17 (,17 0:31 16 091 021) i4 079 025 12 068 022 010 059 019

2 16 089 027 15 O4 0226 13 075 02.3 12 065 020 010( 057 018

3 15 081 024 14 077 023 13 068 021 11 061 019 096 05&3 016

S4 14 075 022 14 071 021 12 0M4 019 11 057 017 093 050 015
5 14 070 020 13 066 019 11 060 018 10 054 016 089 048 014

• 6 13 056 018 12 062 018 11 055 016 (097 050 015 08.5 045 013

a 7 12 060 017 12 058 016 10 052 015 092 047 014 081 042 012
C - S 12 057 016 11 054 o15 0(M 049 014 0`8 045 013 078 040 012

"9 11 054 915 10 051 014 095 047 013 035 043 012 075 038 011
. 10 10 0,50 014 10 048 013 0')0 044 012 (081 040 il1 073 037 010

r- p,

Ceiling, 1 28 027 0263 24 23 22 17 16 15 0M6 092 W) 0030 0.30 029
2 28 025 024 21 22 20 16 15 13 N 09 8 808,3 W 0300 027

S3 27 024 022 23 21 19 16 15 13 092 0 079 029 028 026
e 4 27 023 021 23 20 18 16 14 13 M9 082 076 29 027 025

5 26 023 020 22 20 18 15 14 12 (09 OS1 073 029 026 024

6 26 022 020 22 19 17 5s 13 12 089 079 01 029 026 023
7 25 022 019 22 19 17 .15 13 12 08 078 070 028 025 0'23

8 025 021 019 21 I 16 15 13 12 087 077 069 028 025 023

I 9 025 021 018 21 38 16 15 1? 11 0M 076 06 028 0M2 023

10 024 021 018 21 1p 16 15 13 II (R5 0;5 068 028 0'2,5 0(22

I Wall I 17 098 031 16 089 028 13 073 0.Z3 01 059 019 077 04, 014

"" 16 089 027 15 082 025 12 068 021 09') 058 0I 8 077 044 014

3 15 031 024 14 075 023 12 063 019 094 052 016 074 Oil 013

, .. 4 14 074 022 13 06) 020 I I 06 0!7 0189 0W 014 070 038 012

S5 34 069 020 12 064 019 101 054 016 086 045 013 068 036 M3!
6 13 064 018 12 0,59 017 098 050 015 081 042 012 065 034 010

E.5.... 7 12 059 017 1 11 0.55 016 093 047 014 077 040 012 082 032 010
8 11 055 01 10 0,51 015 088 044 01 074 037 011 .05 030 009
-'9 10 052 015 10 049 014 08 042 012 071 3.5 010 057 029 008

-010 10 049 14 09.5 046 13 080 040 011 06M 34 010 055 02 008

Per et0t .6otve celing cm'.ty risA.tazce
bPer am~t wall rwfiecatae
Room Costy Ratio.
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LIGt'T1NG CAI•ULATiONS

Fig. 9-34. Continued

so 70 I 0o I 30 0o
L-kw.i - - -- I _ - _ --

TYPO Clow PWb r50 30 10 o 0  30 10 50 30 10 50 30 10 50 30 10

iCRt Coeffd.r for 20 Per Ceel Effeodlv FPowa Cawry lefiedwc

1 ! Ceiltn .39 .8 .37 .33 .32 .31 .23 .22 .22 .13 .13 .13 .042 .041 .041
2 .38 .36 .34 .33 .31 .30 .23 .22 .- 21 .13 .13 .12 .041 .040 .039

793 .38 .35 .33 .32 .30 28 .22 .21.20 .13 12 .12.0411 .040.038
4 .37 .34 .32 .32 .30 .28 .22 .21 .19 .13 .12 .11 041 039 .038
5 .37 :34 .31 .32 .29 .27 .22 .20 .19 .13 .12 .11 .041 .039 .037

S6 .37 .33 .30 Z 1.9(427.22 .20 .19.13 .12.11 .040.38.037
7 .36 .33 30 .31 .28 .2M .22 .20 .1 12 .12 11 040 .038 .036

8 .36 .33 .30 .31 .28 .25 21 20 .18 .12 11 11 .040 .038 .036

• 9 .36 .32 .30 .31 .28 26 .21 19 .18 .12 .11 11 .040 .038 036
01 .35 .32 N 30 .28 76 21 .19 .18 .12 .11 11 .040 .037 O

I0
WrU .17 .099 .031 .16 .088 .028 12 .068 022 .085 .049 .016 .054 .031 .010

2 16 .09A .028 .15 .080 .025 11 .062 .020 .081 .048 .014 053 .030 .009

I 15 .081 .024 .14 073 022 10 057 .017 .077 .042 .013 .051 .028 .009
4 .14 .074 .022 .13 .067 .019 099 .A53 .016 .073 .039 012 048 .026 .008
5 .13 .089 .020 .12 .062 .018 094 .049 .014 .069 .037 .011 047 .025 .008

6 .13 .063 .018 .11 .057 016 088 .045 .013 .066 .034 .010 044 .023 007
7 ..12 .058 .017 .10 .052 .015 083 .04. .012 .062 .032 .009 .942 .022 006

V.: 8 1 .055 .015 .10 .049 .014 .079 .039 .011 .059 .030 . ODD .040 .0"21 .006

9 .10 .051 014 .095 .046 .01 075 037 .010 .057 .028 .008 .039 .020 .006
1" .099 .048 .013 .080 .042 .012 071 .03 .010 .054 .027 .008 .037 .019 .002

S Ceili .50 .49 .47 .43 .42 .41 29 29 .28 .17 .17 .16 .054 .053 .053

I 2 .49 .47 .45 .42 41 .39 29 .28 .27 .17 .16 .16 .053 .052 052

3 .49 .46 .4 .42 .40 .38 .29 .28 .27 .17 .16 16 .053 .052 051
cr. 4 .48 .45 .43 .42 39 .37 .29 .27 .26 .17 1 .16 053 .052 .051

3 5 .48 .4 .42 .41 .39 .37 28 27 26 .10 .16 .15 053 .051 .050J6 .8 .4 .2 .41 .38 .36 .28 .7 .26 16 .16 .15 .053 .051 .050

7 .47 .44 .41 .41 .38 .36 28 .27 .26 .16 .16 .15 .052 .051 .050
8 .47 .43 .41 .40 .38 .3 .28 26 .25 .16 .16 .15 .052 .010 050

S9 .47 .43 .41 .40 .37 .36 .28 .26 .25 .16 .16 .16 .052 .050 .049

10 .46 .43 .40 .40 37 .35 .28 .26 .25 .16 .15 .15 .052 .050 .049

p• PrOwt szouve ca• vity rlsmsegb•
PW tmt wall roe&cae.
R Ro•om Carty Ra&io.
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OFFICES AND SCHOOS

Both maximum and nt'erage himirnic~e ame sig-
nificant factors in -,he control of dire•t gbrc bv.
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OFFICES

naires to be mounted 6 inches or lesa from the top
-. of the lurninaire to the ceiling and which deliver 25

prcent or more of their output in the 90 to 180-

I\20MN data should be obtained with the luminaire mounted
on a simulated ceiling board with a reflectance of 80

DIRECT : 3 per cent (see- "IES Approved Method for Photo-
Vd metric Testing of Indoor Fluorescent Luminaires").

The luminaire should be mounted on this board at
-,EC 4 the proposed mounting distance. The board shouldGtA*E REFLECTED be included in the projected area as shown in Fig.

1--ZONE M.-IW 11-3.
if TAM~ SURFACE Although luminance is only one of the factors

F* t-. ?e keden mfcfd -41 106"Gf 9-1411740*4 that may cause direct glare, it is pocuible to use
as. #1-2 lb. 6or0 abe "OMM NOt Ow iln 6`11**O luminance as the only criterion by assuming a rep-
a AuaMN bey'.a *amv Eson". of 4.t A*g . h S*0' s 1 resentative set of conditions that adequately recog-

d~0tUS b9w.s '. i'. e ~ ~nize the other factors. Thus, in Fig. 11-4, the influ-
ence of the number of luminaires and their position

average luminances are recognized as being the in the field of view have been taken into account
more pertinent. Luminaire luminance data and the by assuming a specific room size and a typical in-
raitioe of maximum to average luminance should be stallation of luminairef- required to maintain a
proviided for angles of 45, 65, 85, 75, and 85 degrees representative illumination level. It was further
from vmdir; and, in the came of luminaires with assumed that room surfaces had recommended re-
a".mmec'ric etistribution, they should be provided flectances to provide good environmental luminance

for both crosswise and lengthwise viewing, relationships. The luminaire luminance limitations
Niaxin-um luminance of luminaires should be the recommended in Fig. 11-4 are based on 30 to 100

bi-ihtest. squ&7,-innh at the specified angles as footcandle installations in a 100 by 100-foot room
rflecRurL\1 in the iab~oratorv' using IES-approved in- having recommended ceiling and wall reflectances.
utrurents aivu Prmcediveg (see Section 4). The range in illumination levels is possible be~atise

Average luroirkayves wý lurnirsires are obtained the increase in adaptation level compensates for the
by dividing the candiepxowev at eacýh specified angle larger number of luminaires required to provide the
by the projected area (in squsre inches) o! all lumi- higher' levels. Present knowledge does not permit
naire eleinents coratributine to that Pand-lepower. extension of the recommendation beyond 100 foot-
The result led/in2) may be cvnvert-e: to footlam- candles, but it is obvious that luminaires having
bxerta by multiplying by 45i2 11. 0CompUi1)i average lurninanres that do not exceed the recommended
luminance, air apace contamning. no tight-gener'rting values will be more suitable at all levels than those
or controlling elements abonld no.;t i.-e iL-c~uded aS- a which have higher luminance.
part of the area. Opaque eide pariele ma~y, howev'er, Fig. 11-4 provides a means of determining thebe ineluded as part of theý proijected .sret, if ct least su.ailt o.fursetlmiar vrg n
15 per cent of the totfal output, io in the 110 1. 40- maximum luminance distributions from the stand-
degree xeme and if the side psWe hss Mwig mf~Int- point of preventing discomfort from direct glare for
ance. Cmaqu%! endi parelsw should icot ba inehadeil Fs the conditions stated in the preceiling paragraph.
projected area,. h vz~ uiac in small rooms where luminaire luminances at the

in determining teaeip unaw of lun~i To be uue

Hb

"WN/ POCE

ho.4-, r~md iet cn' Xb evM Al. wof:týt? Orea for oa'c'a4 lvmManz. coah~oWw. (a) hrON -6 awo too*X.c. dose go
&t~ 94 -Xidk- 44~ ra ra ~tv meng 'sv0db-. Ovoawlme pro(.ctd ormo II Ow. 61.eg Ikse' ,*csld" wkdWm Wvvin prac*dd
-*a kb 0. -wt*Nf" *4o &. ýct.ts $WVN of me ~ww1 %mas *to W~ wu, CM. 0.
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OFFICES AND SCHOOLS

Fig. 1]1-4. lES Luminance Data Check Shoot
for Evaluating Luminaire Compliance with the "Scissors Curve" Criteria of

the American Standard Practice for Office Lighting' and the American Standard Guide for School Lighting".

Manufacturer's Company Nae ... _______________Lminaie Cataog No. --

Tetloratory~ Rqe"No....
LAMP Descrption .. . .. -No. of Lamps .... Rated Lumsema Each-

Direct glare should not be a problem in School and Offce two limiting solid lines in Fig. I below, and (2) the ratio of
fluorescent lighting Installations it ceiling and wall reflectance* MdXimum to average Itamlnaiue luminance prefinslily does seo
comply with recommendations in Table I below and if (1) exceed 3 to 1, and definitely does not anteed 5 to I as showis
luminaures have crosswise and lengthwise average luminance in Table 11 below. The maximum lumbiance anm never be
distributions which fall entirely below any straight line(s) more than three times the value of the sioped limiftig line of
drawn thtrough 250 footlamberts.at 75 degrees lying between the ihe graph.

Table I - Recommended Surface Refiectancos
OFFICES SCHOOLS

Ceiling ........... .......... ................ ..... 80-92% Ceiling ........... . ........ .. 0. %

Furniture ............................................ _26 -44% Chalkboards........ . ........... .t..i.............U 20%.
Office Machines ..................................... 26-44% Desk ....................................... .... . .....- 35,50%
Floor...................................................... 21-39% Floor ......................................... 0

Figure 1. Scissors Curve Graph
CROSSWISE LENGTHWISE

750 544

7W - 7W
I56 0 6 0 55 5 53N5 70 6 0 5 0 4

AN&EFRM ADR DGRESAN~EFRM ADR tIOWE

Tal6I3M0mmt0veaeLmnar ulanaRto

650 11530__ 55 12

750* 3 0 635 60 33 so 9375 o 73 ______ _______so _4

Tal 1-aximm t Aerfage hLuminhaeesred Lumisancrste Reatio$

3 Times Rati 3ne Time R uem
benil* Imaune*) Maximum fotAmbrt atagsheehe Max Ade sAnglat e sValue" Mhaximeumt AVO Ma/A



OFFICES

higher angles will not be within the field of view, - -

the limitations at those an&" may be disregarded. mu

The highest significant angle should be determined

by a cross-setion sketch, with an occupant seated
(eye level 4 feet above floor) at one end of the ms-

romp, viewing the most remote luminaire &t ita pro-
lysed mounting height and location. See Fig. 11-5. I A

Preliminary results from research indicate that I

within the zone from 0 to 45 degrees from the line
of sight in either a horizontal or vertical plane, the I
discomfort effect from the luminance of a large I
luminous area is relatively independent of its posi- 4

tion in the field of view. Thus, similar luminance Nom)

limitations can be applied to over-all ceiling light-
ing systems and to large window areas in the walls
if they are apt to be viewed directly. Until the re- ft.ii-3. Cdr- c oh" VOR. IN f *00 - S. 0 mh60

search is completed, it is suggesd that the lumi- W** *A sf of OF#& a be s. by. .cUPOM. the bkmhewe

nance of such large luminous areas should probably - 0 w no In ~ MW SOw6W may, be dhu'e-

be well below the 250 footlambert uniform lumi- 9 h .,•, IM'.N.

nanee limit of Fig. 11-4.
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LIGHTING CALCULATIONS

fts.-27. BRIGHTNESS FACTOnS
A. Fox ImuNuc'r Aim L nurious Czuaio Srrmus

To obtain average brightneas on wals, ceilings or floor multiply average work plane
illumination by appropriate factor.

Ciling Rflects.oso 0.80 0 0.70 0.50

Waill R42detanof 0.80 0.300.0 0.10 .0 0.3 0 .0 0.1 0 0.30 01

ROOM
COEFFICIENT WALL (midway between floor and ceiling) FLOOR REFLECTANCE-0.30

o O.S2 0.33 0.20 0.07 0.3 0.20 0.07 0.33 0.20 0.0o
01 0.64 0.33 0.20 0.07 013 3 0.20 0.07 0.33 0.20 0.07
0.2 0.55 0.49 0.20 0.07 0.34 0.20 0.07 0.34 0.20 0.07
0.3 0.57 0.35 0.21 0.07 0.34 0.21 0.07 0.33 0.21 0.07
0.4 O.6 0.36 0.21 0.07 0.36 0.21 0.07 0.38 0.21 0.07
0.8 0.10 0.37 0.22 0.07 0.37 0.22 0.07 0.37 0.22 0.07
0.7 0.63 0.39 0.23 0.08 0.39 I 0.23 006 0.39 0.23 0 "s
1.0 0.69 0.43 0.26 0.09 0.43 0.26 0.1 0."3 0 24 0.09

WALLS (midway between floor and ceiling) FLOOR RLEFLECTANCE-0.10

0 04 0.281 0.17 0.05 0.28 0.17T 0.05 0.26 0.171 0.05
0.1 0.44 0.29 0.17 0. 29 0.29 0.17 0.06 0.29 0.17 0.06
0.2 0.49 0.30 0.18 0.06 0.30 0.18 0.06 0.30 0.18 0.06
0.3 0.51 0.31I 019 0.06 0.31 0.19 0.06 0.31 0.19 0.06
0.4 0.53 0.33 0.19 0.06 0.33 0.19 0.06 0.33 0 19 0.06
0.5 0.55 0.34 0.20 0.07 0.34 0.20 0.07 0.34 0.20 0.07
0.7 0.50 0.37 0.22 0.07 0.37 0.22 0.07 0.37 0.-22 0.07
1.0 0." 10.41 0.23 0.08 0.41 0.25 0.08 0.41 0.25$ 0.08

CEILING FLOOR REFLECTANCE-0 30

0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 100 1 (Cý 1.00
0.1 1.07 1.11 1.13 1.15 1.11 1.30 1.15 1 1.11 1.13 1.15
0.2 1.18 1.:23 1.2W 1.33 1.23 1.28 1.33 1.23 1.28 1.33
0.3 1.24 1.36 1.43 1.53 1.36 1.45 1.33 1.36 1.43 1.53
0.4 1.32 1.51 1.64 1.76 1.51 1.64 1.76 1.51 1.64 1.76
0.6 1.42 1.68 1.66 2.03 1.68 1.66 2.03 1.68 1.86 2.03
0.7 1.63 2.06 2.39 2.,70 2.06 2.39 2.70 2.08 2.39 2.70
1.0 1.00 2.86 3.48 4.14 1 2.66 3.48 4.14 2 2.86 3.48 4.11

CEILING FLOOR REFLECTANCF-0.10

0 1.00 1.00 1.00 I1.00 1.00 1.00 1.00 1.00 1.00 I1.0OD
0.1 1.09 1 11 1.3 1.15 1.11 1.13 1.13 1.11 1.13 1.15

0.2 1.74 1.24 2.29 1.33 1.24 1.2N 1.33 1.24 1.29 j 1.33
0.3 1,27 1. 3 1.46 1.53 1.35 1.46 I.53 1.38 1.46 1.53
0.4 1.36 1.54 1.65 1.76 1.54 1.65 1. * 1.54 1.65 j 1.76
0.5 1.47 1.71 1.87 2.03 1.71 1.87 2.03 1.71 1.87 2.03
0.7 1.69 2.11 2.41 2.7M 2.11 2.41 2.70 2.11 2.41 2.70
1.0 2.07 2.91 3.51,4.15 2.91 3.51 4.15 2.91 3.1 14.15

FLOOR FLOOR REFLECTANCE--0.O7 1 I 0
0 0.30 0.30 I0.30 0.30 0.30 0.30 0.30 0.30 0.30 -0.30

0.1 0.2, 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
0.2 0.29 0.28 0.28 0.27 0.28 0.2 7 0 .27 0. 2 0.28 0.27
0.3 0.28 0.27 0.27 0.26 0.27 0.27 0. 2 0.27 0.27 0.26
0.4 0 0 026 0.27 0 0.26 0.26 0.25 0.26 0.25 0.25
0.5 o.27 0.23 o0.2 0.24 0.23 0.23 0.24 0.25 0.25 0.24
0. I 0,2 0.24 0.23 0.22 0.24 0.23 0.22 0.24 0.23 0.21
1.0 10. 0.21 0.20 0.19 0.21 0.20 0.19 0.21 0.20 0.19

FLOOR FLOOR REFLECTANCE--. 10

0 0.10 0.10 0.10 0.10 0.10 0.10 010 i 0.10 1 0.10 0.10
0.1 0.10 0.10 0.10 0.09 0.10 0.10 0.09 0.10 0.10 0.09
0.2 0.10 0.09 0.09 0.09 0.09 0• 09 0.09 I 0.0o 0.09 0.02
0.4 0.09 0.o0 0.09 0.09 0.09 0.09 o0.0 0.09 0.09 0.0o
0.4 0.09 0.o 9 I 0.09 0.09 0.09 0.09 o I 0.09 0.09 0.09
0* & 0.09 0.06 0.08 0.08 0.08 0.08 0o 0o. 0.03 o.C0 0.03
0.7 0.08 0.05S 0.08 0.07, 0 08 0.08 0 007 0.05 0.08 0.07
1.0 0.8 0.07 # 0.07 0.06 0.07 0.07 .10.061 0.07 1 0.07 0.06

'For luminous cuhna the apparent eeihng reflectance$ must be used. (Refer to Moon. P. and Spencer,
D. F.. "Intou-ections in CoupWed Enlosuz," Joauml of Frawkits fnattw4ug August, 1950.)
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BRIGHTNESS CALCULi TIONS

fg.$9-27. COIMNUZD
. Fos Umpoam y Dznra xo LuM ,NAIUZ8

To obtain averae brightnes on walLs, ceilings or floor multiply average work plane
illumination by appropriate fctor.

Col' Reflotano 0.80 0.70 0.60

wan fes,. ta-cs o.1i 1 o o.6 I o0. o o0.10 0 0 0.10 0 0.10

ROOM
COEFFICIENT WALLS (midway between foor and celing) FLOOR ,EFLECTANCE--0.30

0.31 022 01 0.04 0.21 0.13 0.04 0.18 0.11 I0.03
:.1 0.70 0.44 0127 0.09 0.4" 0.27 0.09 0.43 0.291 0.10
6.$ 0.71 0.44 0.28 0.00 0.4" 0.21 0.10 0.49 0.30 0.10
0. 0.71 0.47 0.29 0.10 0.48 0.29 0.10 0.30 0.31 0.10
03 0.73 0.48 0.30 0.10 0.49 0.30 0.10 0.61 0.31 0.11
0.6 0.74 0.40 0.31 0.11 0.30 0.31 0.11 0.12 0.33 0.11

0.76 0.51 0•33 0.11 0.62 O.33 0.12 0.6 0.33 0.12
1:0 0.70 0.65 0.36 0.13 0.64 0.36 0.1 0.5 a . 0.14

WALLS (midway between finor and ceiling) FLOOR REFLECTANCE-0. 10

0 0.10 0.37 0.22 0.07 0.36 0.22 0.07 0.34 0.21 0.07
0.1 0.6 1 0.42 I 0.5 0.06 0.42 0.26 0.00 0.45 0.27 0.00
0.2 0.64 0.43 o0.27 0.06 0. 0.27 0.00 0.46 0.38 0.09
6.3 0.40 .4 3 .7 ý0.0 0.41 0.28 0.10 0.47 0.29 0.10
6.4 I 84 0.45 I 0.28 0 10 0.44 0.29 0 10 .44 0.30 0.10

1.5 0.70 0.47 I 0.29 0.10 0.48 0.30 0.10 0.10 0 0.11
0.7 0.73 0.50 i 0.32 0.11 0.51 0.32 I 0.11 o.5 0.34 0.12
1.0 0.7 T 0.54 0.35 0.13 0.55 0.36 0.13 0.54 0.37 0.13

CEILING FLOOR REFLECTANCE-0.30

*0.66 0.58 0.58 Ohs 0.54 I0 54 0.53 0.43 10.43 0.43
:.1 0.64 o.63 0.63 0.63 0.50 0.59 0.89 0.48 0.45 0.48
6.3 0.66 0.6 0.& 0.6 0 64 0.64 0.64 0.32 0.52 0.52
6.3 0.74 0.75 0.76 0 76 0.60 0.70 0.76 0.o4 0.5 6 0.5s
0.4 0.78 0.81 0.83 0. 3s 05 5 0 76 0.85 0.0 0.61 0.63&~ 01 0.86 0 . 90 I . 94 (1 o 3.0 I0.83 0.94 0.64 0.6 0.70
0.7 0.86 0.96 1.05 1.13 11 ;q 097 1.14 0.72 0.74 0.53

1.0 0.66 1.17 1 .31 1.48 1 06 1.20 1 48 0.83 0.88 1.06

CEILING FLOOR REFLECTANCE--0.10

a .86" 0.89 0.39 0.59 0.82 0.82 0.82 10.67 0.67 10.67
0.1 0.87 0.36 0.56 056 0.52 0.12 0.52 0,43 0.42 I 0.42
0.2 0.63 0.63 0.64 0.61 0 5s 0.59 0.39 0.48 0.45 0.4A
0.3 0.6 0.70 0.71 10.70 0.65 0.66 0.67 0.53 0.54 0.54
0.4 0.74 0.77 0.79 0.79 0.71 0.73 0.75 0.57 0.59 0.61
0.5 0.78 0.54 0.87 0.89 0.77 0 8o 0.84 0.0 0.65 0.67
0.7 0.86 0.97 1.04 1.10 0.86 0.9 1. 3 0.70 0.76 0.82
1.0 0." 1.17 1.31 1.46 1.04 1.2 1.34 0.82 0.63 1.06

0 0.50 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 1 0.30
0.1 0.30 0.30 0.30 0.29 0.30 0.30 0.29 0.30 0.30 0.29
0.2 0.30 0.30 0.29 0,29 0.30 0.29 0.29 0.30 0.2s 0.29
0.8 0.30 0.29 0.29 0.28 0.29 0.29 0.28 0.30 0.29 0.29
0.4 0.30 0.29 0.28 0.23 0.29 0.29 0 23 0.30 0.29 0.28
0.7 0.29 0.29 0.28 0 27 0.29 0.28 0.28 0.20 0.27 0.28
0.7 0.29 0.29 0.28 0.27: 0.29 0.28 0.27 0.29 0.27 0.28
1.0 0.28 0.28 0.27 0.26 0.28 0.27 0.27 0.29 0.27 0 V

FFLOOR ORRFL TANCE--0.10

00.10 0.10 0.10 0 10 0.10 0.10 0 10 0.10 0.10 0.10
0.1 0.10 0.10 0 10 0 10 0.10 0.10 0.10 0 10 0.10 0. Ie
0.2 0.10 0.10 0.10 0.00 0 10 0 10 0 10 0.10 0.10 0.10
0.3 0.10 0.10 0.10 0 09 0.10 0. 10 0 09 0.10 0.10 0.10
0.4 " 0.10 0.10 0.10 009 0 10 0.10 0 09 0.10 0.10 0 00
0.5 0.10 0 10 0.09 0.00 0.10 0.00 0.09 0.10 0.10 001
0.7 0.10 0.09 0.09 0 09 0.00 0.09 0.00 0.10 0.10 0.00
1.0 0.00 0.01 0.09 0.00 0.09 0.09 0.09 0.10 0.00 0.00
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LIGHTING CALCULATIONS

Fig. 9-27. CONTINUED

C. Foit DipEcr LumINAIrES

To obtain avcrage brightness on walls, ceilings or floor multiply average work plane
illumination by appropriate factor.

Ceiling Reflectace 0.90 0.70 [ 0.50

Wall Rffeence . .. 0.80_0.50 0.30 0.10 0.50 0.30 010 0.60 J 0.30 0.10

ROOM
COEFFICIENT WALLS (midway between floor and ceiling) FLOOR REFLECTANCE-O.30

0 0.-22 0.14 0 08 0.03 0.13 0.06 0.03 0.11 0.07 0.-02
0.1 0.33 0.10 0.12 0.04 0.19 0.11 0.36 0.18 0.10 0.03
0.2 0.34 0.20 0.12 0.04 0.20 0 11 0.38 0.19 0.11 0.03
0.3 0.38 0.21 0 12 0.04 0.20 0.11 0.36 0.19 0.11 0.03
0.4 0.38 0.22 0.12 0.04 0.21 0.12 0.37 0.21 0.12 0104
A 6 ~i " . o.^ r G.z 21 ).1 0.38 1 0.22 0.12 0.04

0.7 0 0.42 0.i2 0.14 0.04 0.25 0.14 0.43 0.25 0.14 0.04
0 30 0.33 0.19 0.06 0.33 0.19 0.60 0.3 0.19 0.06

WALLS (midway between floor and ceiwng) FLOOR REFLECTANCE-0. 10

0 0.07 [0.05 0.03 0.01 0.04 0.03 0.01 0.04 0.02 0.01
0.1 0.21 0.13 0.07 0 02 0.13 0.07 0.02 0.06 0.07 0 02
0.2 0.24 0.14 0.08 0.03 0.14 0.01 0.02 0.13 0.08 0 002
0.o 0.27 0 15 0.09 0 03 0.15 0.01 0.03 0.15 0.08 0.03
0.4 0.30 0 0.17 0.09 0.03 0.16 0.06 0.03 0.16 0.09 0 03
0.5 0.33 0 0.18 0.10 0.03 0 18 0.10 0.03 0.18 0.10 003
0.7 0.40 0 22 0.12 0.03 0.22 0 12 0.04 0.21 0 182 0.04
0.7 0. 031 0.12 0.0 0.2 3 0121 0.04 0.21 0.12 0.0

CEILING FLOOR REFLECTANCE-0.30

0 0.23 0.23 0.23 0.23 0.21 0.21 0.21 0.15 0.15 0.15
0.1 0.25 0.23 0.21 0.20 0.20 0.19 0.16 0.14 0.13 0 13
0.2 0.26 0.21 0.19 0.17 0.19 0.1? 0.1, 0.13 0.12 0.11
0.3 0.26 0.21 0.17 0.14 0.18 0.15 0.13 0.13 0.11 0.09
0.4 0.28 0.20 0.16 0.12 0.18 0.14 0.11 0%12 0.10 0.08
0.5 0.30 0.20 0.15 0.10 0.18 0.13 0.09 0.12 0.09 0.07
0.7 0.34 0.21 0.148 0.13 0.07 0.13 0.09 0.05.
1.0 0.44 0.36 0.16 0.07 0.22 0 14 0.05 0.16 0.10 0.00510 , i "

CEILING FLOOR REFLECTANCE-0 10

0 0.06 0.06 0.0 0.0 0.07 0.07 0.07 0.05 0 05 0.05
0.1 0.10 0.06 0.08 0.07 0.07 0.07 0.06 0.05 0.05 0.04
0.2 0.12 0.09 0.06 0.06 0.08 0 07 0 05 0.06 0 05 0.04
0.3 0.14 0.10 0.06 0.05 0.09 0.07 0.05 0.06 0 03 0.03
0.4 0 17 0.11 0.09 0.05 0.10 0.07 004 0.07 0.05 0.03
0.5 0.30 0.12 0.06 0.04 0.11 0.07 0.04 0.07 0.05 0.02
0.7 0.23 0.15 0.09 0 04 0.13 0.06 0.04 0.09 0.06 0.03
1.0 0.31 0.22 0.13 0.05 0.19 0.12 0.04 0.14 0.08 0.03

FLOOR FLOOR RZFLECTANCE-0.30

0 0.30 0.30 0 30 0.30 0.30 0.30 0.30 0 30 0.30 0.30
0.1 0.30 0.30 0.30 0.30 0 36 0.30 0.30 0.30 6.30 0 30
0.2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 I 0.30 0.30 0.30
0.3 0.30 0.30 0.30 0.30 0.30 0 30 0.30 0.30 ( 03a 0.30
0.4 0.30 0.30 0.30 0.30 0.30 0.30 0.30 j 0.30 0.30 0 30
C.A 0.50 1 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
0.7 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.31 0.30. 0.30
1.0 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.31 0 30 0.30

FLOOR FLOOR REFLECTANCE-0 I1

0 0.10 I0.10 0.10 0.10 I0.10 0.10 0.10 0.10 0.10 0 10
0.1 0.10 I 0.10 0.10 0.10 0.10 0.10 0.10 0.10 I 0.10 0 to
0 2 0.10 0.10 0.10 0.10 0 10 0.10 0 10 0.1. i 0.10 0.10
0.3 0.10 I 0.10 0.10 0.10 0.10 0.10 0.10 0 10 0.10 0 10
0.5 0.10 0.10 0.10 0.10 0.10 0jO 0.10 0.10 010 010
0.1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 I 0 10 0 10

01 0.10 10.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
1.0 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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APPENDIX B

OTHER COMPONENTS CONSIDERED FOR ML-1A CONTROL CAB

Other lighting components considered for the ML - 1A control cab lighting

system are listed below, with component functions and reasons why they were unsuita-
ble for this specific application.

Component Function Why Unsuited

1. Luxtrol type WBD-200 Dimmer control 5-40 watt lamps are maximum
load.

2. Luxtrol type WBD-450 Dimmer control Physical size too large for
allowable mounting space in
console.

3. General Electric DS3000 Dimmer control Maximum light output is 50% of
rated for an undimmed system's
capability; GE DS5000 system
provides approximately 100%0
of rated light output.

4. Smithcraft Dominaire Luminaires for Maximum recess depth for

series DMP/OMA aisle and operator luminaire is 1 1/4 inches.
areas. Lamp removal is not possible

if the luminaire is recessed
more than the above value.

5. Guth Company Cove Luminaire for Not compatible with workspace;

type PSG6281 aisle area i.e., highest chassis in equip-
ment racks could not be pulled
out, and exposed ends of
luminaire would be hazardous
to movement of personnel.

6. Slimline lamps Lighting system Cannot be dimmed and are not
lamps compatible with workspace,

i.e., interfere with escape
hatch.
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APPENDIX C

LUMINAIRE TECHNICAL DATA

SPECIFCATION

SCOPE:~~~~~~~~ Sho 3."dph iec yelmnie o ideacvrfrcnrlfe nofxue ncot ob
surac montng o e sit~iefo en-t-en, ideby loatd i eds ndsids.Allenlosre tob7moute

side orpaterninsallaionarrngeent Fixure avil- in etalfraes quipedwithseprabe hngex4 n

SCPaEls chnsist ofagridepatt)diern of p luminsq aires lo r ieavers witou ditub ng ra fixtur int cei treingcot T o be Lilse n

cieovre bytther pinsmatic prangelmoledt i-rs o in metpec arr Union e wiriigpa d fab ictio leaablels ngs n
Suplied in 2'ze fo 2'. , 2' x ix'an d eigh F4 an' panel FtinI :Alls ste l spsrfa-ctoes shall gepre-ltrhestdb apo
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